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THE B. COLI TEST IN THE ROUTINE 
ANALYSIS OF RAW MILK 


by 


JAN SMIT, B. M. KROL and A. J. vAN WIJK. 
(Received June 15, 1989). 


The estimation of #. coli in milk serves a purpose different from 
that in the control of drinking water. In fact, whilst purification 
of our potable waters aims at the elimination of every trace of 
contamination with faecal material, of which B. coli is the main 
testifyer, the presence of this bacterium in fresh milk is regarded as 
unavoidable. So the amount of milk, wherein its absence has to be 
proved, has become the main point of interest. As well as in other 
countries also in the Netherlands this quantity is open to 
differences of opinion: whilst several municipal authorities are 
satisfied when B. coli is absent in 0,001 ml., others maintain the view, 
that a few hygienic measures would enable the farmers to increase 
this volume up to 0,01 ml. or even to 0,1 ml. Leaving this point out 
of discussion here, we emphasize two facts: 

1) The estimation should be completed in the shortest time possible. 
The daily control of the milk of numerous farmers, as practiced in 
all dairy factories, and in most of the Food Control Stations in 
Holland, is inappropriate when it takes two days or more to fix the 
result, and a one day test of a slightly lower sensitiveness is tO be 
preferred to a very sensitive estimation taking a-longer time to 
perform. 

2) Given the quantitative character of the b.couli test, every classi- 
fication of the coliform bacteria should be avoided: it is of no im- 
portance, whether a positive result of the chosen ’B. coli test”, 
whichever this may be, is due toa ”’true” B. coli or to a representative 
of the Aerobacter- or Intermediate group, as long as we know that 
pure milk is free of any of them; so every member of the colon 
group suits the purpose. Consequently only the properties common 
to the whole group are of value for this test: all of them are facul- 
tative anaerobic, gram negative, non chromogenic short rods without 
spores, fermenting glucose and lactose with the formation of acid 
and gas. Other properties: indole-, methylred- and citrate test e.t.q. 
are of minor importance. 
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The number of B.coli tests used in milk analysis is fairly large: 
the Standard Methods of Milk Analysis of the American Public 
Health Association, the »Osterreichisches Lebensmittelbuch”, the ex- 
cellent monograph of WILSON and co-workers (1), and several other 
textbooks on milk (2) describe various tests, differing from each 
other in many respects, but most of them corresponding in the fact, 
that at least 48 hours are needed to complete them. A _ short 
description follows here: 


A. Standard Methods A.P.H.A.: A standard test for the colon 
group is described, using Durham tubes, containing a brilliant green- 
lactose-peptone-bile-solution. The tubes are provided with different 
milk dilutions, and are incubated at 37° C. for 2 days. Those tubes 
containing 10 percent of gas or more are deemed positive, those with 
less than 10 percent negative or doubtful. From the number of 
positives (what becomes of the ’doubtfuls” is not stated) a ’most 
probable number” of B. coliis made up in the usual way. Any 
conclusions from the numbers found are lacking. The standard test 
takes 48 hours to complete. 

B. WILson distinguishes between the dilution method and the plate 
method. Of the former, 3 different modifications are described, and 
only one of the latter, but in all of them the same nutrient solution 
is used, namely the Mac Conkey broth, which contains 0, % 
sodiumtaurocholate, 1 % lactose, 2 % peptone, 05 % NaCl 
and 1 % of a 1:100 solution of neutral red. Distilled water is used 
throughout. If the plate method is used, this solution is solidified 
with 2 % agar. Ot the 3 dilution methods described, one, number 
III, is specially preconized for a rapid faecal coli count. According 
to this method one set of the dilutions is incubated at 37° C., another 
set at 44° C. From the result noted after 48 hours (without taking | 
notice of the amount of gas) the most probable number is made up 
in the usual way. Positives at 37° C. are transferred into citrate broth, 
and again incubated at 37° C. during 48 hours. Growth in this medium 
indicates the presence of members of the Aerobacter group. The 
whole procedure takes at least 3 days. 

Using the plate method, two 1 ml. portions of the different 
dilutions are mixed with the agar described, and one of each 
is kept at 37° C., the other at 44° C. After two days the red colonies 
are counted, those on the 44° C. plates being regarded as true faecal 
B. coli”. 

WiILson’s own judgment of this test is severe: ’The objection to 
this method is that the coliform count tends to be too high, since a 
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proportion of the organisms developing on the 37° C. plates may not 
be coliform bacilli at all.” (Cf. (1) p. 207). 

C. The ’Osterreichisches Lebensmittelbuch, XLV Heft (1936)” uses 
“trypsin broth”, i.e. a solution of 1 % peptone (Witte) and 
05—1 % meat extract (Liebig), digested during 24 hours with 
trypsin at 37° C. Indole formation within 24 hours is said to indicate 
the presence of B.coli whilst other indole producing bacteria like 
Bb. proteus are “improbable”. Aerobacter is not shown. For the 
estimation of both Hscherichia and Aerobacter two media are recom- 
mended: viz., 1) the trypaflavine-bromothymol blue-agar after 
KLIMMER, Haupt and BorRCHERS (3), and 2) the gentian violet-lactose- 
bile-peptone of KEssLER and SwENARTON (4). The solution is tubed 
in Durham tubes, and any gas formation in 24 hours is said to 
indicate coliform organisms. 

D. In 1932 the Prussian Government (5) prescribed the use of 
lactose-bromothymol blue-trypaflavine-agar for the B. col? count, by 
spreading 0,1 ml. of milk on the well dried agar, and counting after 
18 hours at 37° C. It was, however, stated by RitTER (6) that this 
test is not specific enough, and gives a much too high count, 
especially when the milk is spread on the solid agar, in stead of 
being mixed with the melted medium. 

E. Besides the above mentioned media, those of TONNey and 
NoBLE (10) (ferrocyanide-citrate-agar), and the erythrosin-methylene 
blue-bromo-cresol purple-trypaflavine-lactose-agar (Cf. (2) p. 147) 
may be cited. All of them aim at the development of #. coli in media, 
which are unsuitable to other milkbacteria, and thus claim the 
possibility of a direct coli count by exclusion of all others. 

F. The method of GeERSBACH (7) consists in estimating the 
dilution in which indole is formed when incubated at 37 ° C. ina 
peptone solution. Like the above mentioned method with trypsin 
broth it should therefore be called ”indole test”, and it is clear, that 
it will not necessarily correlate with the number of B. coli present, 
because indole-negative coliforms, Aerobacter included, are fairly 
numerous in milk, whilst on the other hand several indole producing 
bacteria like B. proteus may be present, thus increasing the number 
of indole forming species. Notwithstanding these facts, this method 
(originally designed for use in water analysis) has proved to give a 
fairly accurate indication of the number of B.col/ in milk by a simple 
and inexpensive procedure, which, it is true, takes 48 hours to perform, 
although it is found that the result after 24 hours in many cases 
closely agrees with that after two days. Thus van RAALTE (11) stated 
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that for the Amsterdam milk supply a positive GERSBACH test with 1/100 
ml. is normal, where hygienic conditions on the farms are fairly 
good, an eventual drop to 1/1000 ml. being allowed. Although this 
method does not claim to be a universal quantitative coli test, it 
seems to be applicable in every instance, where a certain standard 
of purity is to be maintained, and where a test of short duration 
is needed to check the results. It does not make any difference 
whether the limit aimed at lies at 1/100 ml., or that a more severe 
standard, say 1/10 ml., may conveniently be prescribed, as long as 
this standard meets the hygienic conditions prevailing, and may be 
tolerated under the existing conditions. And whether or not this 
indole test completely correlates with a more severe coli test seems 
to be of minor importance. We will see: further down, that the 
results of Gersbach’s test generally follow the values found in the 
different coli tests very closely, and that the differences are in 
the same direction. 

G. The Dutch ’Melkbesluit” (Milk act, June 1923) does not contain 
any prescriptions concerning the estimation of B. coli in raw milk. 
However its absence from 5 ml. of pasteurized milk is demanded, 
and a coli test is prescribed, named the Ringeling test, using 50 ml. 
of non-neutralized broth (called ’acid broth”) for 5 ml. of milk. 
The mixture is to be kept at 35° C. for 24 hours, and thereafter 
it is "checked on the presence of colibacteria’”. No further parti- 
culars are given, but it is clear that plating, e.g. on Endo agar, 
or a Similar solid medium, is meant, which extends the duration 
of the procedure to 48 hours or more. 


In conclusion it must be stated, that, with the possible exception 
of the trypaflavine plates and the gentian violet-bile-broth, the 
reliability of which is still open to discussion, all tests cited require 
a longer time to complete than is deemed suitable for routine 
analysis of large milk supplies. 

Nevertheless it seemed worthwhile to investigate, whether shorten- 
ing the period of incubation to 24 hours would lead to presumptive 
results, which might be regarded as acceptable. We tentatively 
began by making a comparision between the Mac Conkey broth 
(Witson), the Gershach test and a liquid medium of the same 
composition as the well known Endo agar, expecting to combine 
the gas formation from lactose with the red colouration, produced 
on the agar by members of the colon group. A similar medium 
has already been described by Stern (8), with the aim to 
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differentiate between all members of the group, B. typhosum and 
paratyphosum included. 

We used a liquid of the following, slightly changed, composition: 
In 900 ml. tapwater dissolve: 10 g. Liebig’s meat extract; 10 g. 
peptone (Witte); 5 g. sodium chloride. Bring the pH to 7.6 — 7.8 
with NasCO; solution. Boil, filter and sterilise. Then add: 50 ml. 
of a 20 % sterile lactose solution; 2.5 ml. 10 % alcoholic fuchsin 
solution; 1.9 g NasSOs, dissolved in a few ml. of moderately hot water. 
Make up to 1 litre with sterile water. The clear and only slightly 
coloured liquid is poured into Durham tubes, and subjected to a 
final sterilisation. Thereby the liquid becomes deeply stained, but 
after cooling the red colour fades again. 

In these tubes B. coli and A. aerogenes grow and ferment abun- 
dantly and within 24 hours stain the liquid to a deep red. Our first 
series of experiments with milk included the Ringeling test, and all 
of the presumptive tests were followed by subculturing on Endo 
plates. One typical colony was checked in glucose and lactose broth 
and for indole production in peptone broth. Table I gives the result. 


TABLE I, 
ESTIMATION OF B.COLI IN MILK. 


Dilution Confirmed coli test 


Method aT — = 
“2 --4 eo Dilutionused!| ol taco |: dole 
Me Conkey, gas 
ConfirmationonEndo | + +4 +4 — he = 
Spe Ors DA Cherm eet tt ay se ae ae 
Confirmation onEndo- | 4+ 4+ — — =s ae ale ow 
3) Ringeling, incl. ; 
subculturing on Endo | + + — — —- Se | — 
4) Endo broth, colour . |+-+4+-+4+ — 
” ” gas. + + +- a 
Confirmation on Endo | -+ + + — —4 + + = 


As is seen from Table I this milk sample showed a positive 
presumptive test with 10-4 ml. in the Mc Conkey and Endo broth 
test, in the Ringeling and Gersbach tests only with 10-3 and 10-2 
ml. respectively. It will be seen, that from the negative -3 dilutions 
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in the Gersbach test (no indole), the confirmation on Endo agar 
was positive, but the colony tested thereupon was indole-negative. 
The same was true for the colonies picked from the other Endo 
plates, except for that from the -2 Gersbach plate. Table II gives 


another example. 


TABLE II. 
ESTIMATION OF B. COLT IN MILK. 


Dilution 


Confirmed coli test 


Method | 
-2 -8 -4 --5 | 
i eeMecsConkey mc asme ara} 


Confirmation on Endo ‘| + — — 


4) CORIO; oo ae eo ia 
Confirmation on Endo | + — — 
3) Ringeling, incl. 
subculturing on Endo | + — — 


4) Endo broth, colour . ; ++— 


F s gas. . | + H+— 
Confirmation on Endo |+ + — 


Dilution used 


glu- | lac- in- 


cose | tose | dole 


+ 


The investigation was extended to 30 samples with the result 


given in Table III. 


TABLE III. 


RESULT OF THE INVESTIGATION OF 80 MILK SAMPLES. 
NUMBERS OF POSITIVES. 


Method 


1) Mc Conkey 
2) Gersbach . 


3) Ringeling tollowed 
by Endo plate . 


4) Endo broth, colour . 


” ” gas 


| Dilution 

| =e ee A) 
30 24 16 8 2Q2 
DA 19 001 1G thee I) 
a0) Os ON ye 
30—25 19 10 4 
30 25 16 & 3 
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The following conclusions seem warranted: 

1) The Mac Conkey test gives constant and good results as far as 
gas formation is concerned: a positive test can nearly always be 
confirmed by plating on Endo agar (the case of Table I forms an 
exception). 

2) The Gersbach test proved less sensitive than the other three: 
the limit of positives generally stands back by one or even two 
dilutions. It will be shown hereafter, that the confirmation test 
gives the explanation of this fact. 

3) The Ringeling test gives fair results, in agreement with the 
other tests. The confirmation on Endo is unavoidable in this case, 
extending the time of completion to 48 hours, and thus decreasing 
its usefulness. 

4) The test with Endo broth gives the best and most uniform 
results, allowing a fairly accurate insight into the quality of the 
milk after 24 hours. Gas formation and development of colour nearly 
always correlate. The few exceptions were stated in the cases, where 
colour developed without gas (the reverse never occurred), but in 
those tubes B. coli could always be found. 


The results of Table III were slightly modified, when all tubes, 
the negatives included, were plated on Endo agar. Then the number 
of positives increased, especially in the Gersbach test, showing that 
many indole-negative coliforms occur in milk. The agreement of 
the four tests now proves to be very fair (see Table IV). 


TABLE IV. 
NUMBER OF POSITIVES, AFTER CONFIRMATION ON ENDO PLATES. 
cee ee Se Se 
Method | Dilution 
(Endo plate included) =e ee 


1) Mc Conkey ... . BUIb2S 18 eS ES 
2) Gersbach . . 4 » Ape a et hee 
8) Ringeling .... » . BOC 255 Ble oji'S 
4) Endo broth... . 80 25 18 9 8 


If, however, a result after 24 hours is demanded, then Table 
III holds good (the Ringeling test must be dropped), from which 
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it may be taken, that the Mc Conkey and Endo broth tests are 
equally suitable, but that the Gersbach test lags behind. In the 
Endo test we dispose of two nearly always correlating data: develop- 
ment of colour and gas formation, which in our opinion gives it a 
certain advantage over the Mc Conkey test. It must be added, that, 
for unknown reasons, development of fluorescence failed in most 
of the tubes of the latter test. 


It can not be denied, that the number of positives in both 
tests is smalier after 24 hours than after 48 hours, in agreement with 
Witson’s results. However, both tests are similar in this respect, 
and it seems to us, that this fact makes no important difference 
in the judgment of the milk, because in a limited number of cases 
only this judgment is slightly too favourable. 


The Endo broth has the advantage of being considerably less 
expensive: the price per liter of Mc Conkey broth is about fl. 1.—, 
against fl. 0.40 for 1 liter of Endo broth. 


If glutamic acid was substituted for the Liebig meat extract (9), 
equally consistant results were obtained. We succeeded in giving this 
medium a composition, which allowed it to be powdered, and kept 
indefinitely in a dry state without changeing its quality: 


10 g. peptone (Witte or Difco) 
10 g. glutamic acid 
10 g. lactose 
5 g. NaCl 
1 g. KeHPO, 
4 g. NasCO3 (anhydr.) 
0.26 g. fuchsin 
1.9 g. NasSO3.7H20 


Of this mixture 42.15 g. are made up to 1 liter with distilled 
water. Sterilization for 15 minutes at 105° C. is allowed, but in 
case of immediate use, boiling and filtering, followed by tubing, 
gives satisfactory results. 

Finally we tried to investigate, whether the coliform organisms, 
isolated from negative Gersbach tubes, inoculated with dilutions of 
milk, which yielded positive results in other media, must be regarded 
as indole negative B. coli or as belonging to other groups. The result 
was, briefly stated, that most of the strains isolated were B. coli 
(M.R.+, V.P.—, citrate—, indole—), but that a few strains of 
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A.aerogenes and intermediates were found. (In some cases indole 
positive strains were grown from indole negative tubes). The reason 
of this prevalence of the indole negative coli-types in milk is 
obscure. 

In conclusion we are of opinion, that the quantitative esti- 
mation of coliform organisms may be performed in a simple way, 
within 24 hours giving results, which do not materially differ from 
those obtained in 48 hours or by confirmed tests of any kind. We 
consider this quick coli-count as a very efficient routine method 
for the bacteriological grading of raw milk supplies in factories 
and control stations, where checking the number of B. coli is of 
importance in addition to other grading methods (Breed method, 
little plate method, methylene blue test), but where the maximum 
of accuracy is not aimed at. 

The investigation of other methods of short duration, cited 
above, will form the object of further ‘study. 


Summary. 


It is emphasized, that the estimation of coliform bacteria is 
important in the routine analysis of raw milk. Various tests re- 
commended in the literature are described, and stress is laid on the 
fact, that only those which may be completed in 24 hours are of 
outstanding value. A prescription is given of a satisfactory test 
using a broth of nearly the same composition as the well known 
Endo agar, and a comparison is made of the results of this test 
with 3 other tests in investigating 30 samples of raw milk. It 
is proved that a considerable number of the coliforms found are 
true B coli which have lost the power of indole formation. 
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THE RECOGNITION OF PSITTACOSIS 
by 


H. VERVOORT and A. CHARLOTTE RUYS. 
(Received June 15, 1989). 


At the end of November 1937, we succeeded in isolating the 
virus of psittacosis by the mouse-test from the sputum of a patient, 
suffering from an atypical pneumonia, first diagnosed as influenza. 
This finding has been confirmed by a positive complement- 
fixation reaction, with a sample of the serum from the patient, after 
her recovery, performed by Prof. BEDSON in London. 

The virus has been kept continuously active bij regular trans- 
missions in mice. The case has been described previously (10). 

Since then several sputa (11 samples) from persons with more 
or less suspected symptoms have been tested with negative results. 
In 7 the complement-fixation test proved to be negative after the 
recovery of the patient. In 2 no complement-fixation test has been 
made. One patient was suffering from Bang’s disease. 

One sputum was from a patient who died afterwards from a 
pneumonia. At the post mortem (Dr. DrukkeEr, Wilhelmina Hos- 
pital) the lungs showed patches of bronchopneumonic consolidation. 
On section the cut surface was deep red; a sanguinolent fluid and 
air bubbles could be expressed. The liver was enlarged and fatty; 
the spleen enlarged, the pulp friable. 

Portions of the lung and the spleen were ground up, and sus- 
pended in peptone broth. Mice were inoculated intraperitoneally with 
the suspensions. On the 13th day both ”lung-mice” became ill, and 
refused food. One was killed on the 15th, the other one on the 16th 
day after the inoculation. The first showed no special lesions; the 
peritoneal cavity contained some sticky fluid; liver, spleen, adrenals, 
bowels were unchanged. The peritoneal cavity of the second one 
contained more sticky fluid; liver and spleen were coated with a 
sheet of fibrin. No other lesions. In smears from the fluid and 
from the spleen, scarcely virus could be revealed. Both ”spleen-mice”’ 
remained negative in two transmissions. 
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The virus, which is now in the ninth transmission, remains of low 
virulence, with a preference for inflammation of the peritoneum, 
and the forming of a fibrinous exsudate. 

From two other suspect post mortems, suspensions of portions 
of the lung and other organs were injected into mice, but no virus 
could be revealed. There had existed but a distant contact with 
healthy birds; no complement-fixation test has been made. 

In connection with some cases of psittacosis two batches of 
birds have been examined on the presence of psittacosis virus. 
There had been disease, and many fatal cases amongst those b‘rds. 
We succeeded in isolating the virus from a dead budgerigar, a 
number of 4 healthy exotic starlings, and from. a sick ricebird. 
In the last one the virus could be revealed in smears from the 
peritoneal fluid and from the spleen. 

An effort to isolate the virus from a batch of ten birds, kept 
in our laboratory for other experiments, amongst which there had 
been two fatal cases, shortly after they had been bought at the 
market, failed. 

It is remarkable that one of our workers, who stayed daily in the 
same room as the birds, during a slight affection of the throat 
showed a lightly positive complement-fixation (1/4 ++), which 
a fortnight afterwards was even a little stronger (1/4 +++). 
A sputum test in mice did not reveal any virus *). 


The pathological changes in mice, inoculated by intraperitoneal 
injection, are not always described uniformly. Whilst German writers 
(FortTNER (7),GERLACH (8), PFAFFENBERG (12)) speak of a typical” post 
mortem, with an enlargement of the spleen and liver, a swelling 
of the duodenum and a mucofibrinous peritonitic exsudate, RIVERS 
Berry and Sprunt (13) lay the stress on an affection of the 
liver, with necrotic spots. BuRNET (3) in Australia mentions a 
great tendency to produce peritonitic, rather than other lesions, 
in mice, inoculated with the virus, isolated from apparently healthy 
wild birds. 


*) When this paper was already under the press, the presence of 
the virus of psittacosis was demonstrated in a passage from the primary 
mouse, inoculated with a suspension of the sputum from this worker. So 
there really has been an infection of psittacosis in a very light degree, 
apparently due to virus from the batch of birds. As the laboratory expe- 
riments did not yet come to an end, the observations will be recorded 
in a following paper. 
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As far as we have observed, the general pattern is very 
irregular, and seems to depend mainly on the virulence of the 
Strain, whilst at the same time individual resistence of every mouse 
is of influence. Moreover, an infection with pneumococcus or an 
other microbe or virus may give analogous pathological changes. 


Our first strain ”Ruys” isolated from the sputum from a patient 
is of medium virulence. It kills a mouse in 4 or 5 days: the "ty- 
pical” pattern is seen in about 10—20 % of the autopsies; there is 
very often a cellular peritonitic exsudate, whilst liver and spleen 
are coated with sheets of white fibrino-purulent lymphe, which can 
be peeled off, leaving the surface of the organ without lesions. 


The other four strains are of much lower virulence, and give 
many failures. An excess of sticky fluid, containing flakes of fibrin 
is very often the only anomaly to be seen, whilst the mice are but 
slightly ill during several weeks. 

For examination of the smear for the presence of 
Virus, the best films are obtained with the GIEMsA or the CASTANEDA 
stain. 

In films fixed with metylaicohol, and stained with Giemsa, 
there is often an inconvenient deposit of amorphe corpuscles, whilst 
treating the film previously with distilled water, to dissolve the 
particles, has a bad influence on the staining afterwards. 

The CASTANEDA staining has nearly as many modifications 
as there are workers. The original prescription (4) is a buffered 5 % 
formalin solution, with 3 drops Loeffler’s alkaline methylene blue 
solution on 20 ccm. Fixing and staining at the same time during 
2 minutes, washing, counterstaining with aqueous safranin dtring 
1 or 2 seconds, washing. The virus is stained blue, the background 
orange-red. RivERS (13) uses a stain which contains 5 % Loeffler’s 
solution. The textbook of Doerr and HALLAUER (5) gives an 
insufficient illustration of the normal CastaANepa effect, whilst 
that of Da Rocna Lima, Reiss and SILBERSCHMIDT (14) gives a 
different prescription under the flag of CASTANEDA. 

We use with success a more neutral methylene plue solution, 
mentioned by BEDSON (2) as "Borrel blue”, and described under 
the name of ’’Bleu Borrel” in the encyclopedia of EHRLICH (6): 
a concentrated solution of methylene blue medicinale (HoeEcustT)*) 
in distilled water is treated for some days with a washed deposit 
of silveroxide, prepared by adding a few drops of normal sodium- 


*) now called Aretit. 
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hydroxide solution to a 10 % solution of silver nitrate. After fixing 
the film in a 5 % formalin solution, we stain for 2 minutes with 
the concentrated ’Bleu Borrel”. After washing we use a concen- 
trated safranin solution (GruBLER) as counterstain, for 5 to 10 
seconds; then we wash and dry. The same fluid can be used during 
a long time. In a well stained film the virus is lightly blue, the 
nuclei orange-red till brown, the cytoplasm orange-red. The fresher 
the film, the better the result. 

With other recommanded virus stains, as Victoria blue (HErz- 
BERG (9)) or isamine blue (NicoLau (11)) it is not easy to reveal 
the virus in routine-slides, because there is no contrast. 


During our experiments to reveal the virus we formed the 
opinion, that either our mice are not. very susceptible for the 
virus, or that the virus in the carriers is so weak,-that it does not 
get hold in the mice. At all events, one must not expect, to see 
"typical” patterns of lesions by intraperitoneal inoculation into 
mice, but one has to search for the virus, and to consider the 
appearence of the cells in the peritonitic exsudate. The finding of 
heavy vacuolised cells, even without virus, is suspect. 

The virus can be found in monocytes, as small elementary 
bodies or in clusters within the vacuolised cytoplasm, or it may lay 
between the cells. Sometimes one finds apparently normal 
endothelial cells filled up with virus-clusters; also the polynuclear 
leucocytes may contain the virus. 


Many strains of mice, from different sources, are infected with toxo- 
plasm. This infection is the cause of an enlargment of the spleen, and 
often also of the liver. There may appear a peritonitic exsudate, which is 
not so sticky as in psittacosis, and apparently the lungs are in a certain 
way affected. The toxoplasm also is stained blue, but its aspect is very 
distinct from the psittacosis virus. 

There is an other observation, worth to be mentioned. After fixation o 
fresh smears in formalin, the plasm of some polynuclear leucocytes may 
be scattered in grains, which show an affinity for methylene blue, especially 
when the staining has been prolongated. It gives the impression of a 
virus or a micro-organism, but it does not appear after alcohol fixation: 
It is so typical, that is does not interfere with the diagnose of psittacosis 
virus. It appears often (not always) in normal not inoculated, as well as 
in inoculated mice, and has nothing to do with an ep-erythrozoon infection; 
after the extirpation of the spleen, the ep-erythrozoon appears in the peri- 
feric circulation, but the granulation of the leucocytes remains the same. 


The investigation of a case, suspected of psittacosis, by mouse 
inoculation is not easy, and often fruitless. 
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As blood commonly is only infectious during the first days of the 
disease, sputum is the material of choice. A pneumococcus infection 
may interfere before the virus has developed sufficiently. Very often 
it is impossible to get a sample of sputum, as this is very scarce 
in psittacosis. The complement-fixation reaction introdu- 
ced by Bepson in London, is of great service for the recognition of the 
case. Following the prescription, given by BEDSON (1), we succeeded 
in preparing an antigen from the spleen of mice, inoculated with 
our first strain. A suspension of mouse spleen, rich in virus is made 
in M/50 phosphate buffer pH = 17.6; 5 ccm of diluent per spleen is 
used. *) This suspension is allowed to sediment in the refrigerator for 
24 hours, or lightly centrifuged, to remove coarser tissue fragments, 
and the partially clarified supernatant is then centrifuged for 
1.5 hours at 3000 r.p.m. The supernatant fluid is pipetted off, and 
the deposit is resuspended to the original volume in phosphate 
buffer. *) Any coarse fragments are removed by light centrifugation, 
and the suspension is steamed for 30 minutes. Before using, the 
sediment in the antigen has to be resuspended by shaking. As a 
control serves a suspension of normal spleen, prepared in the same 
way. With this antigen it has been possible to examine the serum of 
several formerly suspected cases. 

The complement-fixation test was performed as a micro-method 
with a WrRIGHT’s pipet. The antigen consisted of the mouse spleen 
suspension mixed with the same quantity of saline. The sera under 
examination were inactivated, and used in dilutions ranging from 
1/4 to 1/128. 

The minimal hemolytic dose of complement in the presence of 
antigen is determined in a preliminary test, and an excess of this 
dose, often the double was used in these experiments. In the be- 
ginning when we merely used one minimal hemolytic dose of com- 
plement we often found dubious reactions. Perhaps the excess of 
complement will hide some of the weaker reactions but as long as 
our Knowledge on this subject is scarce we think it wiser to consider 
only the strongly positive reactions. 

In the test we mix one part of antigen, with one part of the 
serum and one part of the complement-dilution. After one hours 
fixation in the incubator at 37° C. two parts of sensitized bloodcells 
are added. After another hours incubation at 37° C. the reading 
is taken. 

In each test controls are introduced with a normal mouse 


*) we used buffered saline. 
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spleen suspension, and also with known positive and negative sera. 
Prof, BEDSON was so kind to send us some of his antigen for 
comparison. In many tests we worked with three antigens. Table II 
shows, that the degree of variation is very small. Prof. BEDSON 
also tested some of the sera from our patients. The results were 
always identical. In all our patients the Wassermann reaction was 
negative. 


In March and April 1939 we received the sera from several per- 
sons, who had been ill a few months previously with symptoms 
resembling influenza or pneumonia. They all had been in contact 
with a batch of birds (canaries, finches, budgerigars and others), 
which came from a nursery, and went from one family to the other. 
Among the birds many died from an unknown cause. The epidemic was 
not traced but several months after its onset, when all the patients 
had recovered. So it was too late to examine their sputum for the 
presence of virus, but several blood specimens could be obtained 
for the complement-fixation test. In Table I the result of this 
investigation, and the course of the epidemic is related. (The 
epidemiological investigations were made by A. L. NoorDAm). 

During the time the batch of birds stayed with family D. many 
of them died, and several new ones were supplied. So on March 
13th another budgerigar was put in the cage, where is was found 
dead the next morning. The psittacosis virus could be demonstrated 
in its spleen by inoculation into mice. The last bird came from 
family v. D., who had another budgerigar and two ricebirds. One 
died, the other fell ill in April, and at the autopsy the virus could 
be revealed directly, and by inoculation into mice. In the other 
budgerigar no virus could be demonstrated. 


In family v. D. the housewife fell ill on March 22th with 
symptoms of a moderate severe influenza. She called no physician, 
and had recovered after a week. We could examine her blood 12 days 
after the onset of the disease and found the complement-fixation 
test strongly positive (1/64 ++4-+). 


Besides this little epidemic two separate cases of psittacosis 
were observed last year. One patient suffered from an atypical 
broncho-pneumonia and died. In his sputum no virus could be 
demonstrated but it was isolated from a portion of the lunes 
obtained by autopsy. We were not able to trace the source of this 
infection. 

In the other patient, who possessed a large batch of exotic 
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birds, the disease was diagnosed as a very severe influenza. After 
an illness of two months he recovered. A few weeks afterwards he 
met a friend from Stockholm with whom he passed some hours in town 
but he did not receive him at his home. The friend fell ill two 
weeks afterwards in Stockholm, where the disease was recognised 
as psittacosis. Then the blood of both friends was sent by the 
Swedish doctor to prof. BEDSON in London, who found the com- 
plement-fixation reaction with psittacosis antigen strongly positive 
in both samples. So in the Amsterdam patient the real diagnosis 
was made half a year afterwards by a Swedish doctor. Four months 
later we also examined the blood of this patient, and found the 
complement-fixation reaction still strongly positive (1/128 +++). 
Most probably the Swedish friend is one of the rare cases in which 
psittacosis has been transmitted from man to man. In Amsterdam 
nobody else in the family or among the friends of this patient has 
been ill with symptoms suggesting psittacosis in severe or light form. 

The survey of these cases and two other ones published in 1938 (10), 
points out, that in Amsterdam among cagebirds the psittacosis virus 
is endemic or imported, to a yet unknown degree, and gives rise 
to sporadic cases and small epidemics. There was no severe outbreak, 
and it seems that special conditions must be fulfilled to attrap the 
disease. In all the families described above, only once more than 
one person suffered from psittacosis, no child fell ill. From five 
children, who were in contact with infected birds, but who had 
not been ill, the complement-fixation test was negative. In no 
more than three out of the 11 cases of psittacosis mentioned above, 
the clinician made the real diagnosis; in all the other patients the 
disease was supposed to be influenza or an atypical pneumonia. 


In order to get an idea about the reliability of the complement- 
fixation test we examined the blood of several groups of persons. 

The sera of 11 patients with atypical pneumonia all gave a 
negative reaction. The sputum of 7 of them was inoculated into 
mice, also with negative results. 

In four laboratory workers, who more or less often had contact 
with the virus (two for more than 14 year daily) no complement 
fixing antibodies could be demonstrated. From 8 healthy persons 
out of the families where the sick birds had stayed for a longer or 
shorter time, only one gave a weakly positive reaction, which 
disappeared when we used the double hemolytic dose of complement. 
The other ones were negative. 
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A few patients who recovered from the disease during an 
outbreak of psittacosis in 1930 and 1934, could also be tested. Two 
who had been ill in 1930 gave a negative reaction, but one out oi 
the three patients from 1934 gave a strongly positive reaction 
(dilution 1/16 +++). Two patients who suffered from psittacosis 
(from one the virus was isolated) 18 and 19 months ago, both 
strongly reacted with psittacosis antigen (dilution 1/32 and 1/128 
+++). So in judging the value of a positive complement-fixation 
test it is necessary to keep in mind that though the outcome of 
the complement-fixation test is very usefull in tracing an epidemic, 
and also in connection with clinical and epidemiological dates, a 
history of psittacosis (or perhaps severe influenza!) in the last 
years makes it nearly worthless for the present illness. 

This fact is also demonstrated by the finding of one positive 
serum among 21 blood samples for the Wassermann test, which had 
been included in the test as controls. The Wassermann reaction 
was negative, also the control with normal spleen suspension. The 
serum was from a woman who suffered from adiposity and sore 
legs. She had no history of psittacosis or a severe influenza but 
she did have contact with birds. She often played with a canary 
which she made bite her under the fingernails. At the autopsy of 
the bird no pathological findings were made, inoculation of the 
spleen into mice did not reveal the virus. Five weeks later on we 
repeated the complement-fixation test, and again it was positive. Only 
the titer was not as high as in most of the sera from patients. The 
sera from three of her children and son-in-law were negative, that 
of the husband gave a weakly positive reaction with the antigen of 
BEDSON but not with our own (Table II relates sgme of the com- 
plement-fixation tests). 

It remains uncertain whether this positive reaction is specific 
or not. In the first case it may have been a silent infection. Prof. 
BEDsON who also found a positive reaction in one of his control 
sera without a history of psittacosis wrote us in one of his letters, 
that he observed the development of specific antibodies in the 
absence of any obvious infection in one of his coworkers, who 
worked with the virus. The observation of GERLACH (8), that the 
virus can be present in the blood of a patient without symptoms of 
the disease also points in this direction. 
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TABLE II. 
COMPLEMENT-FIXATION TESTS WITH PSITTACOSIS ANTIGEN. 
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(In each test controls were included with known positive and negative sera) 
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Summary. 


The psittacosis virus seems to be endemic amongst cage birds 
in Amsterdam. In animal experiments it is of a low virulence. It 
gives only occasionally rise to isolated human cases or small 
outbreaks. The results of animal experiments and complement- 
fixation tests with material from human cases and infected birds 
are recorded. 

A description is given of a reliable staining method for the 
virus. Considerations are given about the value of the complement- 
fixation test. 
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J. NEW ENRICHMENT METHODS FOR BACTERIUM COLI. 


Difficulties in the detection of B. coli in water are numerous. 
In the Standard Methods for the Examination of Water and Sewage 
of the American Public Health Association (1920, 1936) the following 
procedures are given: A. a presumptive test; B. a partially confirma- 
tory test; C. a final confirmatory test for the presence of B. coli 
(the standard lactose broth fermentation test being used). 

Gas formation may be due to members of the B. coli group, 
but it not infrequently happens, especially after 48 hours incubation, 
that it is due either to the symbiotic action of two distinct 
varieties of bacteria (neither B. coli); by certain spore-bearing 
bacilli (Clostridia); or by Bac. aerosporus (1—15) 1). 

The efforts of American workers therefore have been devoted 
to the perfection of media, that will reduce the number of false 
positives, and they have achieved considerable success (Standard 
Methods for the Examination of Water, 1936) advocating brilliant 
green lactose bile broth, to be inoculated in parallel with or to 
confirm positives from the standard lactose broth, or other typical 
liquid media having selective growth supporting power. The appen- 
dix of the Standard Methods describes these media. 

To obviate the above mentioned sources of error KAUFFMANN 
and SMIT (16) proposed the substitution of peptone by d. glutamic 
acid in the form of a sodium or ammonium salt. 


1) KAUFFMANN describes on page 29 of his dissertation (i.c.) facultative 
anaerobic Bacilli, called ’acid formers”, which cause symbiotic fermentation 
in lactose-peptone with Granulobacter and Clostridium Welchti in Durham 
tubes. He for the first time draws attention to the symbiotic fermentation 
of two spore-forming Bacilli. The fermentation of lactose-peptone in Durham 
tubes caused by a certain number of cells of Cl. Welchii is the easier the larger 
the quantity of cells of Bac. subtilis, which are present to take away the oxygen. 
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They stated that B. coli will grow readily in a medium con- 
taining this nitrogenous compound and a sugar in 1 % solution, 
whilst organisms causing the false presumptive test are unable to 
do so, though with the addition of 1 % lactose the medium gives 
somewhat less definite results than those obtained with a peptone- 
lactose medium at 37° C. 

At the same time the author published details of an enrich- 
ment medium, in which half of the glutamic acid was replaced by 
ammonium lactate and lactose by glucose (17). 

This medium contains 1 % glucose, 0.5 % glutamic acid neu- 
tralised by NaOH, 0.5 % ammonium lactate, 05 % NaCl, 03 % 
KeHPOs, and tap water pH = 17.0. Cultivation at 45° C. in com- 
pletely filled stoppered glass bottles. For the examination of surface 
(river) water, and river water which has undergone various stages 
of purification (prefiltration and slow sand filtration) the medium 
is very suitable, being even better for the growth of coliform bac- 
teria and more selective than the ElKmMAN medium (18) which 
consists of a 1 % solution of glucose and 1 % peptone (Witte). 
Streptococci do not multiply in contrast to the ElkKMAN medium, 
in which coli bacteria are often killed by the lactic acid formed 
by the Streptococci. 

The growth of spore-bearing aerobic and anaerobic bacilli 
(Clostridia), is usually prevented, even after 48 hours cultivation, 
by lowering the pH of the medium to 6.0. This is important es- 
pecially in the case of chlorinated waters, 

Ammonium lactate is very cheap and is obtainable as an 80 % 
solution. It is fairly readily utilised, as a source of nitrogen, by 
B. coli, although a better result is obtained by the addition of d. 
glutamic acid. The mixture of these two nitrogenous compounds 
has a distinct advantage over peptone, as they are both chemically 
pure substances of known composition, and difficulties arising from 
the use of different brands of commercial peptone, of unknown 
composition, may thus be avoided. During four years employment of 
this medium I never encountered organisms causing a false 
presumptive test: Streptococci, B. proteus and Bac. aerosporus alike 
failing to grow. 

The development of Aerobacter aerogenes in the medium is a 
drawback to the method. In my opinion most of the difficulties 
connected with the detection of B. coli, arise, in the main from two 
sources of error. Firstly, an incubation temperature of 37° C. is too 
low; and secondly, peptone, as a source of nitrogen is not sufficiently 
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selective for B. coli, being too favourable to the growth of other 
bacteria which may cause trouble. The source of nitrogen mentioned 
above is quite suitable for such a hardy organism as B. colt. 

A second medium, also very selective for B. coli has the 
following composition: 0.3 % bacto-tryptone, 0.1 % sodium formate, 
0.04: % KsHPO., and 0.0001 % crystal violet, dissolved in distilled 
water, pH = 6.5. Cultivation is performed at 45° C. in completely 
filled stoppered glass bottles. At 24 and 48 hours gas production 
is observed and a test for indol formation is made. As a rule they 
coincide. 

Indol formation by B. colt is promoted by the addition of 
sodium formate which acts as a hydrogen donator for the tryp- 
tophane molecule, which is hydrogenated and split up to form indol 
plus alanine. At the same time the formic acid is oxidized to carbon 
dioxide: a oxidation-reduction reaction. Whilst a trace of sugar 
(glucose) inhibits indol formation by B. coli in a peptone solution. 
the addition of sodium formate seems, on the contrary, to favour 
it. At the same time gas production occurs and is easily detected. 
Sometimes indol production, after 24 hours incubation, is very 
limited. In such cases the test should be carried out again after 
48 hours. Very slight indol production can only be detected by the 
device of gently heating 3—-5 ccm of the coloured culture liquid in 
a test-tube with a thin supernatant layer of the indol reagent. 
Indol is very volatile and, by the above means, is caused to accu- 
mulate in the reacting zone and is easily demonstrated. The 
sensitivity of the indol-test applied in this manner-is 1 in 2 million 
(1/2 y per ccm). 

Fortunately the production of indol by, for instance B. coli, 
is not easily prevented, even though the indol producers are in 
minority compared with non-indol producers. The addition of 
crystal violet (1 part per million) is necessary to prevent growth 
of aerobic spore-bearing bacilli (e.g. Bac. mesentericus etce.), which 
also produce indol. Kovacs’s modified technic (19) for the 
EHRLICH indol test is inapplicable, as crystal violet dissolves readily 
in amyl alcohol. MickeLsoN and WERKMAN (20) found that 
formate in an acid medium (e.g. pH = 6.5) is rapidly decomposed 
by B. coli, an observation which agrees with my own results. Not 
only does B. coli grow luxuriantly, but in addition A. aerogenes 
and members of the intermediate group. During the summer, at the 
height of self-purification of river and river-derived waters, 
members of the B. proteus group, which also produce indol and 
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gas, may at times and for short periods, be present and spoil the 
results. These can than be corrected if at the same time the above 
mentioned enrichment medium is employed. During a series of tests 
extending over a period of three years I have observed that the 
coli titer found by the two methods was very similar. 

For a water-works control and for routine examinations it is, 
in my opinion, quite useless to determine the various coliform 
bacteria. The improvement of the coli titer obtained by sedimenta- 
tion, prefiltration and slow sandfiltration of the raw water should 
alone be determined, and, in addition the effect of chlorination. 

Before I used bacto-tryptone as the source of tryptophane I 
used, during a period of seven years (21), a tryptophane-peptone 
solution made from caseine by the action of trypsin (KAHLBAUM). 

Here again 0.0001 % crystal violet was added, and incubation 
at 45° C. was carried out in completely filled glass bottles. The 
preparation of a tryptophane-containing medium was rendered 
unnecessary by the introduction of bacto-tryptone by the Difco 
Company. According to my results the addition of 0.1 % of sodium 
formate is a distinct improvement of the medium. 


II. NEW ENRICHMENT METHODS FOR FAECAL STREPTOCOCCI. 


As this group of bacteria has many properties in common with 
the true lactic acid bacteria the conditions necessary to secure good 
growth in nutrient media are firstly, the presence of protein, 
decomposed by a high grade of cleavage (Bacto or Poulenc peptone), 
and secondly of carbohydrates (sugar, e.g. glucose, lactose, etc.). 

Favourable factors are an easily reducible medium and a suitable 
temperature. The medium should not be buffered as it is desirable 
that the Streptococci should be able to lower the pH as soon 
as possible in order to outgrow other bacteria by acidifying the 
medium. 

As lactose is easily utilised by faecal Streptococci (Enterococci), 
and not so readily by other organisms, this sugar was chosen, 
in preference, for instance to glucose. Cultivation was carried 
out in deeply filled test-tubes; for larger quantities of water Erlen- 
meyer flasks were used (depth of culture medium 10 cm), at a tem- 
perature of 45° C. 

SHERMAN (22—27) states that, amongst the characteristics of 
primary differential value in testing for Streptococcus faecalis, 
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is growth at 45° C. From Table 1 (cf. (26)) it may appear that 
this is a characteristic of all Enterococci. 

Acidification of the medium (pH = 17.0) is indicated by the red- 
dening of the litmus solution. The presence of many Streptococci 
results in a complete reduction, beginning at the bottom of the 
test-tube. Taking the foregoing factors into consideration, the cul- 
ture medium adopted was made up as follows: 1 % peptone (Poulenc, 
Difco or Bacto), 1 % lactose, 0.5 % NaCl, the pH being 7.0. It was 
tinted with litmus to a deep purple colour. 

Cultivation was carried out in test-tubes filled to a depth of 
10 cm or in Erlenmeyer flasks, at 45° C. 

The presence of faecal Streptococci is readily determined by 
microscopical examination of the deposit in the tubes or flasks 
after 20—24 hours incubation. The long chained Streptococci 
are easy of recognition (31). The examination should be repeated 
after 48 hours, although the great majority of positives are recog- 
nizable after 24 hours. 

A second method, highly selective for faecal Streptococci 
depends on the inhibitory action of 1 % caffeine on other bacteria 
in a1 % solution of peptone (29,30). As a result of numerous ex- 
periments, it was found that the best culture medium was as 
follows: 1 % peptone (Poulenc, Difco or-Bacto), 1 % caffeine, 0.1 % 
glucose, 0.3 % Liebig’s Beef Extract, 05 % NaCl, pH = 17.2. 

Incubation at 37° C. in completely filled stoppered glass bottles. 
The presence of long-chained Streptococci is easily detected, by 
microscopical examination, after 48 hours incubation. Members 
of the coli group do not flourish, but, occasionally spore-bearing 
bacilli prove troublesome (e.g. Bac. mesentericus, subtilis, mycoides, 
etc.). Growth of Streptococcus faecalis and Streptococcus liquefaciens 
and other members of the Enterococcus group is luxuriant. 

For the purpose of isolation, the ordinary meat-extract gelatine 
or agar plus 0.5 % glucose may be used. If, however, the lactose- 
peptone enrichment medium, which gives much less pure cultures, 
is used, isolation on agar with 0.5 lactose, 1 % peptone, 0.5 % NaCl, 
0.2 % KeHPOs:, with the addition of potassium tellurite 1 : 15000, 
recommended by Haro.tp (28), may be preferred. 

By the use of the above mentioned two methods during the 
course of a year, the disappearance of faecal Streptococci was 
demonstrated, following the successive stages of purification (settle- 
ment-tanks, prefiltration, and slow sand filtration) as applied in 
the treatment of surface-water (river water) used for the water 
supply of Rotterdam. 
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Streptococci, as well as B. coli disappear at all seasons and 
at all stages of purification, especially in spring, summer and 
autumn; Streptococci the most quickly (32). They are ingested and 
destroyed by Amoebae and other Protozoa more especially in 
Stagnant water (settlement-tanks and the water on the slow 
sandfilters); low temperatures of the water (2° C. and below), when 
the surface of the settlement-tanks and the slow sandfilters may 
be covered with ice, appear to inhibit the activity of the Protozoa. 

At-such times B. coli and Streptococci may appear in the 
filtrate (the finally filtered water), indicating that the situation 
is bacteriologically dangerous. The presence of Streptococci is 
an ind‘cation of recent faecal contamination; and at such 


times properly applied and controlled chlorination of the filtered 
water is essential. 


III. PREPARATION OF CULTURE MEDIA. 
Media for the cultivation of B coli. 


a. 0.3 % Bacto-tryptone, 0.04 % KeHPO:s, 0.1 % HCOONa, 
0.0001 % crystal violet, pH = 6.5. 

Dissolve in 1800 ccm distilled water 30 grams Bacto-tryptone, 
4 grams KeHPOs, and 1.5 grams NaCl. Filter through Swedish filter- 
paper, add + 24 ccm n.HCl. Sterilise in Koch’s sterilisér for an hour. 
Add 50 cem sterilised 20 % sodium formate solution, 10 ccm sterilised 
aqueous crystal violet solution (1:1000) and the requisite amount of 
sterile distilled water to 2000 ccm. 

Cultivate in wholly filled stoppered glass bottles at 45° C. Mix 
with the water to be examined 1:5. For this purpose fill in one fifth 
of the content with the above mentioned culture medium, and dilute 
5 times with the water to be tested, eventually for the smallest 
dilutions with the requisite amount of sterile water. Test for indol 
and gas production after 24 and 48 hours. 

Indol reagent: 2 grams p.dimethylamino-benzaldehyde in 190 
cem 96 % alcohol and 40 ccm 25 % HCl. Bring the reagent by means 
of a pipette as a thin layer on part of the culture liquid in a test- 
tube, and heat the culture liquid. gently in the small flame of a 
Bunsen burner, 

b. 1 % glucose, 0.5 % glutamic acid, 0.5 % ammonium lactate, 
0.5 % NaCl, 0.3 % KeHPOs. 

Solution 1: dissolve in 350 ccm hot tap water 12.5 grams d.gluta- 
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mic acid, 12.5 grams ammonium lactate and 7.5 grams KeHPO,. Add 
+ 16 ccm 5 n.NaOH to bring pH to 7.0. Solution 2: dissolve in 150 
ccm tap water 25 grams glucose and 12.5 grams NaCl. Sterilise solu- 
tions 1 and 2 apart in Koch’s steriliser, and mix them before using. 
Cultivate in wholly filled stoppered glass bottles at 45° C. Mix 
with the water to be examined 1:5. For this purpose fill in one fifth 
of the content with the above mentioned culture medium, and dilute 
5 times with the water to be tested, eventually for the smallest 
dilutions with the requisite amount of sterile tap water. 


Media for the cultivation of faecal Streptococci. 


a. 1% peptone (Poulenc, Difco or Bacto), 1 % lactose, 05 % 
NaCl. 

Dissolve in 1000 ccm hot distilled water 20 grams peptone 
(Poulenc, Difco or Bacto), 20 grams lactose and 10 grams NaCl 
Filter through Swedish filterpaper, add 9 ccm n.NaOH to make 
pH = 7.0 and sterilise in Koch’s steriliser for an hour. Tint the 
medium with + 20 ccm sterile neutral litmus solution to a deep 
purple colour. : 

Dilute one time with the water to be tested. Cultivate in deep 
layers — 10 cm — in test-tubes or in nearly wholly filled Erlenmeyer 
flasks at 45° C. Examine microscopically the deposit of the tubes 
and flasks for }ongchained cocci (Streptococci) after 24 hours repeat 
after 48 hours. 

b. 1 % peptone (Poulenc, Difco or Bacto), 1 % -caffeine, 03 % 
Liebig’s Beef Extract, 0.5 % NaCl, 0.1 % glucose. 

Dissolve in 1000 ccm hot distilled water 20 grams peptone 
(Poulenc, Difco or Bacto), 20 grams caffeine, 6 grams Liebig’s Beef 
Extract and 10 grams NaCl. Filter through Swedish filterpaper, add 
+ 16 ccm n.NaOH to make pH —= 7.2. Sterilise in Koch’s steriliser 
for an hour, add 10 ccm of a 20 % sterile solution of glucose. Dilute 
one time with the water to be examined, if necessary with the 
addition of the requisite amount of sterile water, cultivate in wholly 
filled stoppered glass bottles at 37° C. 

Examine microscopically after 48 hours, sometimes in the 
indiluted samples after 36 hours. For confirmation the Streptococci 
may be isolated on lactose-peptone agar with K. tellurite (1:15000), 
and a Gram-staining may be performed. For routine examination 
it is not necessary. 
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MUTUAL CHANCES OF CONTAMINATION 
WITH FUBERCLE BACILLI 
FOR MEN AND DOGS 


by 


J. D. VERLINDE. 
(Received June 15, 1939). 


It has been found several times, that the bovine tuber- 
cle bacillus may be the cause of tuberculosis in men (in the 
Netherlands i.a. by SPRONCK, DE JONG, BoER, RUys, VAN DER HOEDEN; 
cl.VAN DER HoEDEN (10)). As a rule cattle is the source of infection. 

Also in domestic animals, as dogs and cats, tuberculosis occurs. 
At the post mortem examination of 568 dogs, SCHORNAGEL (17) found 
tuberculosis in 11 of them. 8 Dogs had died of it. Some observations 
show that during the last years tuberculosis among dogs increases. 
(MIHAILESCU (11), ‘NIEBERLE and PALLASKE (12)). Thus SCHORNAGEL 
found in 1914 tuberculosis in 1.9 % of the autopsied dogs, Jorst (cf. 
NieBERLE and PALLaske (12)) in 1917 in 0.83 %, NIEBERLE and 
PALLASKE in 1931 in 5.2 %. In Stockholm Hjarre and Hertitz (9) 
found in 1929 tuberculosis in 0.6 %, in 1932 in 5 % of the autop- 
sied dogs. 


The following table 1) shows the type of bacterium: 
Bovin type. Human type. Atypical. Total 


SMITH (1905) 1 1 
GriFFITH (1909) 2 2 
Mam (1912) 5 5 
SCHORNAGEL (1914) 2 4 2 8 
Zwick (1917) 1 1 2 
ROMER (1917) 2 2 
Joest (1917) 1 1 
RaBINOWITSCH-KEMPNER (1921) 1 16 2 19 
PanisseT and VERGE (1922) 2 2 
CoseTT (1922) 10 7 i 


1) Cf. the publications of FELpMANN (6), GRIFFITH (7), Hyarre and HER- 
Lirz (9), MIHAILEscu (11), PanisseT and VERGE (13), RABINOWITSCH-KEMP- 
NER (14), Raw (15), ScHorNnaGEL (17), STABLEFORTH (18) and of WILson 
and Lovet (19). 
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GRIFFITH (1928) 1 


Wi son and Love t (1928) 1 
MIHAILEscu (1929) 8 8 
STABLEFORTH (1929) 6 10 16 
FELDMANN (1930) it 1 2 
Hyarre and Her itz (1935) 16 21 37 
Raw (1935) 1 1 
VERLINDE (1938) 1 1 

48 75 4 127 


It has often been found, that in a family suffering from tuber- 
culosis a dog was also infected. (Hj4rre and Heruitz (9), O’CONNoR 
(4), CAREY-ForsTER (2), STABLEFORTH (18), EscomeL (5)). 

In some cases we must accept, that dogs. have been infected by 
men, not men by dogs; for instance in the case, mentioned by 
EscoMEL, where tuberculous cattle may infect. dogs per os (milk). 

Danger of infection of men by dogs mostly exists, if the process 
is located in the lungs of the animal. Pulmonary tuberculosis in 
dogs nearly always shows a tuberculous broncho-pneumonia with 
cavities and bronchiectasies. Violent coughing fits occur. 

Recently I have observed two cases of tuberculosis in dogs, which 
are worth mentioning from an epidemiological point of view. 

I. The first case was a one year old fox-terrier bought two months 
before from a farmer. The clinical diagnosis was probably abdomina! — 
tuberculosis. At first the owner refused to have the animal killed 
off. Only after a month we decided to do so. The post mortem 
examination (Dr. J. ZeLDENRUST) showed a diffuse, proliferative, 
partly caseous, tuberculous peritonitis. In the spleen, liver and kid- 
neys some caseating tubercles, and in the lungs some small ones 
were found. From the caseous areas of liver and spleen, bovine 
tubercle bacilli were cultivated on the medium of LOEWENSTEIN. 

Undoubtedly this dog had been infected by cattle, suffering 
from an open tuberculosis, on the farm. Because the primary- 
complex was in the abdomen, an infection by way of the intestines 
must have taken place. An open pulmonary tuberculosis did not yet 
exist, so there was no direct danger of infection for men. All the 
same, a tuberculous process was going on in the lungs, which could 
have become a broncho-pneumonia every moment, connected with 
coughing and dispersion of sputum, containing tubercle bacilli. 

II. A two year old fox-terrier, that had lost weight for some 
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time, got coughing-fits in the last two weeks, which daily 
increased in frequency and violence. Sometime before, the daughter 
of the family, who was very fond of the animal, and even allowed 
it to sleep in her own bed, had died of an open pulmonary tuber- 
culosis, 

At the clinical observation of the dog an extensive affection of 
the lungs was found. The dog was killed, and the post mortem 
examination showed a big cavity, which directly communicated with 
the right main-bronchus. Besides, areas of caseation were found in 
both lungs. 

In the mediastinum, spleen, liver and kidneys caseous tuber- 
culous areas were also found. 

Human tubercle bacilli were cultivated from the spleen and 
the liver. 

It may be accepted, that this dog had been infected with 
human tubercle bacilli, by the patient, suffering from tuberculosis, 
The primary-complex that undoubtedly existed in the lungs, points 
to an aerogenic infection. 

It is obvious, that such a seriously ill dog, having a large tuber- 
culous cavity in the (right) lung, and suffering during the last weeks 
from severe coughing-fits, constituted a great danger of infection 
for the owner and his family. 
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(Aus dem Centraalbureau voor Schimmelcultures, Baarn.) 


UEBER EINIGE FORMEN VON 
VERTICILLIUM DAHLIAE KLEBAHN 


von 


F. H. VAN BEYMA THOE KINGMA. 
(Eingegangen am 20 Juli 1989). 


Aus dem Bakteriologischen Laboratorium der Unilever (Rotter- 
dam) erhielten wir einige Kulturen von Pilzen, welche von feuchtem 
Packungsmaterial isoliert worden waren. Auffallend war dabei, dass 
samtliche Pilze massenhaft Chlamydosporen bildeten, wodurch sie 
bald eine schwarze Farbe bekamen. Die Erzeugung von ebenfalls 
massenhaften Konidien an mitunter wirteligen Tragern liess eine 
Verwandschaft mit den fiinf Verticilliun:-Arten: V. alboatrum Reinke 
et Berthold, V. amaranti Verona et Ceccarelli, V. dahliae Klebahn, 
V. ovatum Berkeley et Jackson und V. tracheiphilum Curzi vermuten, 
weshalb diese Pilze ebenfalls in den Kreis unserer Untersuchungen 
einbezogen wurden. Schliesslich fiigten wir noch Cephalosporium 
Serrue Maffei hinzu,dass bekanntlich ebenfalls Chlamydosporen bildet 
und auch sonst sich durch seine Eigenschaften den obengenannten 
Pilzen anzuschliessen scheint und V. albvatrum Reinke et Berthold 
var. chlamydosporale Wollenweber, uns von WOLLENWEBER in Berlin 
freundlichst zur Verfligung gestellt. 

Aus dem ausfiihrlichen Schrifttum iiber diese Verticillien geht 
hervor, dass viele Autoren sich nicht dartber einig sind, was genau 
unter V. alboatrum zu verstehen ist. 

REINKE und BERTHOLD haben namlich in ihrer’ urspriinglichen 
Arbeit (1) von Dauermyzelien gesprochen, die sich aneinander lagern 
und auf diese Weise braune Zellhaufen bilden, welche man sehr 
wohl den Namen ,,Sklerotien” geben koénne, wenn sie auch den nach 
der iiblichen Auffassung gewohnlichen Sklerotien nicht ganz ent- 
sprechen, WOLLENWEBER (2) behauptet nun der Pilz, den ReINKE und 
BERTHOLD in Handen gehabt haben sei das haufig vorkommende 
V.duhliae gewesen, welches Sklerotien bildet. Er nimmt denn auch 
fiir diesen Pilz den Namen V. albvatrwm in Anspruch. Das 
asklerotiale Vertirilliwum sei eine seltenere Form, welche von ihm 
V. alboatrum Reinke et Berthold var. caespitosum Wollenweber ge- 
nannt wird. In demselben Sinne 4usserten sich u.a. RUDOLPH (3) und 
VAN DER VEEN (4). Dagegen sind KLEBAHN; VAN DER MEeR, BERKELEY 
und JACKSON der Meinung, das asklerotiale Verticillium entspreche 
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der urspriinglichen Beschreibung, wahrend das ,,Sklerotien” (Pseudo- 
sklerotien oder Mikrosklerotien) bildende Verticilliwm richtig eine 
neue Art (V. duhliav) darstelle. Von BERKELEY (5,6) ist dann schliesslich 
eine Arbeit. erschienen, worin diese Frage ausfuthrlich untersucht 
wurde; er hat wahrscheinlich gemacht, dass in der Tat REINKE und 
BERTHOLD urspriinglich die asklerotiale Form isolierten, sodass man 
nicht berechtigt sei, bei V. alboatrum von ,,Sklerotien” zu sprechen. 
Die Ansicht WoLLENWEBER’s hat sich denn auch nicht allgemein 
durchzusetzen vermocht; auch in rezenteren Arbeiten teilt man die 
Auffassung SERKELEY’s und seiner Mitarbeiter. Wir heben hervor, dass 
das ,,Centraalbureau voor Schimmelcultures” sich dieser Meinung 
angeschlossen hat *). 

Die hier behandelten Formen sollen jetzt einer kurzen Bespre- 
chung unterzogen und, sofern sie neu sind, beschrieben werden. Es 
hat sich gezeigt, dass die verschiedenen Verticillium-Stamme sich 
am besten in Petrischalen mit Bierwurze-, Kartoffel- und 
Haferflocken-Agar unterscheiden lassen. Ftr das Studium der 
Konidientrager erwiesen sich  sterilisierte Kartoffelstiicke sehr 
niitzlich, da sie hierauf am ehesten zur Entwicklung gelangten. 


Verticillium alboatrum Reinke et Berthold (1). 


Stamm VAN DER VEEN, 1930, isoliert von Tomate. 
Stamm VAN DER Meer, 1931, isoliert von Kartoffel. 


Wie schon oben mitgeteilt, wird als V. alboatrum derjenige 
Wirtelpilz aufgefasst, der meist auf Kartoffel und Tomate vorkommt, 
keine Pseudosklerotien sondern nur dunkelfarbiges Dauermyzel bildet 
und Konidientrager erzeugt, welche, besonders in alteren Kulturen an 
der Basis eine braune Farbe aufweisen. In unseren Kulturen traten 
nach einiger Zeit nur schwarzbraune bis schwarze Myzelknoten auf, 
wodurch das Substrat, vor allen Dingen Kartoffelsticke und Bier- 
wirze-Agar, dunkle Streifen bekam. Chlamydosporen wurden nicht 
gebildet.. Wohl wurden in Alteren Kulturen dunkelfarbige Hyphen 
aufgefunden, deren Zellen mehr oder weniger aufgeschwollen waren, 
echte Chlamydosporen jedoch, als abgerundete dunkle Zellen inter- 
kalar in farblosen Hyphen einzeln oder in kurzen Ketten auftretend, 
wie auch frei im Praparat umherschwimmend, kamen nicht vor. 
Dieser Pilz sollte daher scharf von allen 4hnlichen, Pseudosklerotien 
oder Chlamydosporen fihrenden Wirtelpilzen getrennt gehalten 
werden. 


*) Siehe Fussnote S. 757 der Arbeit (6). 
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Reinkulturen. 


Auf Kartoffelstiick entsteht anfangs nur weisses wolliges 
Myzel. Erst allmahlich treten am Stiick schwarze Stellen auf, aus 
Dauermyzel bestehend, welche zu schwarzen Streifen auswachsen, 
wahrend das weisse Myzel einen gelblichen Ton annimmt. Die 
wirteligen Konidientrager, besonders in Alteren Kulturen, sind an 
der Basis typisch braun gefarbt (Unterschied mit der Il’. dahliae- 
Gruppe). Die Konidien sind langlich rund bis oval mit 2 bis 3 
Oeltropfchen und meist (4,7 — 8) x (2,3 — 3) « gross. Nach KLEBAHN 
(13) sollen die Konidientrager groéssere Abmessungen aufweisen wie 
diejenigen von V’. duhliue. 


In Petrischalen nach 1 Monat: 


Auf Bierwtirze-Agar: Schale ganz bewachsen mit einer 
feuchten, glatten Haut mit untiefen, radiaren Falten, von weissem, 
filzigem Myzel uberwachsen. Noch keine Bildung von Dauermyzelium 
Undeutliche Zonenbildung. Unterseite griingelb. Geruch schwach 
sauerlich. 

Auf Kartoffel-Agar: Schale ganz bewachsen mit einer 
dinnen Decke aus filzigem, weissem Myzel, mit breiten Zonen 
wachsend. Noch keine Bildung von Dauermyzelium. 

Auf Haferflocken-Agar: Schale ganz bewachsen mit einer 
Gunnen Decke aus filzigem, weissem Myzelium. Noch keine Bildung 
von Dauermyzelium. 


Verticillium alboatrum Reinke et Berthold 
var. chlamydosporale Wollenweber (2). 


Stamm WOLLENWEBER, 1938. 

Dieser Pilz, von Sellerie isoliert, wachst anfangs mit weissem 
Myzel. Die Konidientrager sind an der Basis nicht braun gefarbt, 
Pseudosklerotien werden nich gebildet, dagegen nach WOLLENWEBER 
wohl Chlamydosporen. Wir bringen daher den Pilz folgerichtig zu 
V. dahliae unter dem Namen Verticilliuin dahliae Kiebahn forma 
chlumydosporale (Wollenweber) van Beyma n.c. Im Anschluss hieran 
mochten wir den von WoLLENWEBER beschriebenen Stamm mit etwas 
kleineren Konidien, namlich var. chlamydosporale forma angustum 
Wollenweber *) jetzt V. dahliae Klebahn forma angustum (Wollen- 


weber) van Beyma 7.c. nennen. 
Ein weiterer von WoLLENWEBER beschriebener Stamm, var. 


medium **) bildet ebenfalls Chlamodysporen, wenn auch zogernd. 


*) Le. 8. 291. **) Le. 8. 289. 
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Wir haben diesen Pilz, wie auch die forma angustum nicht unter- 
sucht, doch deutet auch hier wieder die Anwesenheit von Chla- 
mydosporen auf die Verwandtschaft ‘mit V. adahliae hin, sodass wir 
denselben als V. duhliue Klebahn forma medium (Wollenweber) van 
Beyma 7.c. bezeichnen wollen. 


Reinkulturen. 


Auf Kartoffelstick bildet der Pilz nur weisses, wolliges 
Myzel, nur allmahlich treten an der Glaswand gelbbraune Stellen auf, 
jedoch hat der Pilz anscheinend die Fahigkeit, Chlamydosporen zu 
bilden, verloren, da es auch bei fortgesetzter Kultur nicht gelang, 
dieselben zu erhalten. Nach WOLLENWEBER bildete der Pilz ur- 
spriinglich echte Chlamydosporen in grosser Zahl, welche in schwar- 
zen Haufen bei einander lagerten ohne sich in Verbanden anzuord- 
nen. Die Konidien besitzen dieselbe Grosse wie die Grundart, etwa 
5,5 X 2,2 « nach WOLLENWEBER und (5 — 9) x (2 — 2,7) w (meist 
(5,3 — 6,3) x (2 — 2,3) 4) nach unseren Messungen. 


In Petrischalen nach 1 Monat: 

Auf Bierwtirze-Agar: Schale fast ganz bewachsen mit einer 
filzig-wolligen, weissen Decke, am Rande einige undeutliche Zonen 
zeigend. Unterseite gelblich, im Zentrum mit einigen radiaren Falten. 


Auf Kartoffel-Agar: Schale fast ganz bewachsen mit 
einer diinnen, farblosen Decke, welche einen sparlichen, weissen 
Flaum zeigt. Zahlreiche Zonen sind deutlich sichtbar. Ruckseite fast 
farblos. 


Auf Haferflocken-Agar: Schale ganz bewachsen mit 
einer filzigen, flachen, weissen Decke, welche breite Zonen aufweist. 
Rickseite fast farblos. 


Verticillium amaranti Verona et Ceccarelli (7). 


Stamm VERONA, 1935. 


Dieser Pilz, von Amarantus tricolor L. isoliert, bildet sowohl 
terminale wie interkalare Ketten von Chlamydosporen, Er ist daher 
nicht, wie GoIDANICH (8) meint, dem V.ulboatrum gleich zu stellen, 
sondern gehort in die V. duhliae-Gruppe. Die Grdsse der Konidien 
wird als (4,8 — 6,4) x (3 — 3,2) w angegeben, die der Chlamydosporen 
als 6,4 x 9,6 wu, Nach unseren Messungen sind die Konidien (3,7 — 
6,7) x (2,3 — 4,3) », meist (4,3 — 4,7) x (2,3 — 2,7) uw gross, mit 
zwei Oeltropfen. Die Eigenschaften und das Wachstum des Pilzes auf 
verschiedenen N&ahrbéden stimmen fast vollkommen mit V. Serrae 
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(Maffei) van Beyma iiberein, weshalb wir diese Pilze als Synonyme 
betrachten (Siehe S. 40). 


Reinkulturen, 

Auf Rohrchen nach 1 Monat: 

Auf Kartoffelstiick: das Stiick ganz bewachsen mit weis- 
sem Myzel, bestehend aus zahlreichen Hyphenbiindeln. Fast keine 
Bildung von Chlamydosporen, das Stiick ist nur oben etwas schwiarz- 
lich. 

Auf Haferflocken-Agar: oben weisses, filziges Myzel, un- 
ten ein grauschwarzes Stroma infolge der Bildung von Chlamydo- 
sporen. Riickseite und Agar farblos. 

Auf Maismehl-Agar: weisses, filziges Myzel, an der Glas- 
wand eine schwarze Linie bildend. Riickseite und Agar farblos. 

Auf Kartoffel-Agar: schwarzes Stroma, von kurzem 
Myzel uberwachsen. An der Glaswand eine intensiv schwarze Linie. 
Rickseite schwarzlich, Agar farblos. 

In Petrischalen nach 1 Monat: 

Auf Bierwurze-Agar: Kolonie 4 cm im Durchmesser, be- 
stehend aus einer weissen filzigen bis flachwolligen Decke, zum Teil 
zottig durch zahlreiche aufstehende Hyphenbiindel. Rand scharf. Noch 
keine Bildung von Chlamydosporen. Unterseite hellgelb bis leicht 
orangegelb. 

Auf Kartoffel-Agar: Schale fast ganz bewachsen mit 
einem kurzen, weissen Flaum, in den zentralen Partien mit zahl- 
reichen, schmalen Zonen, durch bereits eingetretene Chlamydo- 
sporenbildung dunkel gefarbt. 

Auf Haferflocken-Agar: Schale ganz bewachsen mit 
einem Kurzen, weissen Flaum mit zahlreichen schmalen Zonen. Noch 
keine Bildung von Chlamydosporen. 


Verticillium cinerescens Wollenweber (2). 


Dieser Pilz von welkekranken Nelken, Dianthus caryophyllus, 
isoliert, wurde nur deshalb mit herangezogen, weil WOLLENWFBER 
denselben in seiner Verticillinm-Arbeit als neue Art beschreibt. Der 
Autor hat ihn jedoch nur vorlaufig zur Gattung Verticillium gestellt. 
In der Tat ist es auch gar kein Verticillivm wie schon aus der 
biischeligen Art, wie die Konid‘entrager am Myzel sitzen, hervorgeht, 
Nach genauer Untersuchung stellte sich heraus, dass der Pilz zur 
Gattung Phialophora Medlar gehért (9). Identisch mit dieser Gattung 
ist Cadophora von LAGERBERG, LUNDBERG and MELIN 1927 ausfihrlich 


beschrieben (10). 
Conant (11) wies dann auf die Prioritat des Gattungsnamens 
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Phialophora Thaxter hin. Die Konidien entstehen so wie es von 
mir beschrieben wurde (12). Besonders in alteren Kulturen sind nach 
Abschwemmung der Konidien die Konidientrager mit ihren typi- 
schen ,Schnabeln” deutlich zu sehen. Dieser Pilz soll deshalb besser 
Phialophora cinerescens (Wollenweber) van Beyma »c genannt 
werden. 


Verticillium dahliae Klebahn (13). 


Stamm BUISMAN, 1927, von Ulme. 

Stamm C.BS., 1930, von Linde. 

Stamm VAN DER Meer, 1927, von Hrigeron Canadensis. 
Stamm Stat. de Path. Vég. de Brive, 1927, von Artischocke. 
Stamm VAN DER VEER, 1930, von Phlox. 


Obige Stamme wurden miteinander sowohl auf Kartoffel- wie 
auf Haferflocken-Agar in Petrischalen nach 1 Monat verglichen. 
Mikroskopisch ahneln die wirteligen Konidientrager denen von 
V alboatrum, nur dass sie an der Basis nicht braun werden. 
Die Konidien besitzen dieselbe Grosse und Gestalt wie diejenig=n 
von V. alboatrum. Die Pseudosklerotien, welche bei V. alboatrum 
fehlen, stellen grosse, braunschwarze Gebilde dar (bis 50 4), welche 
am Rande von Agar-Kulturen schon mit dem unbewaffneten Auge 
als zahlreiche Piunktchen wahrgenommen werden kO6nnen. 

Was die Bildung von Pseudosklerotien und die dadurch hervor- 
gerufene Schwarzung der Nahrbdden anbetrifft, stellte sich heraus, 
dass es alle modglichen Uebergange gibt, sodass es unméglich er- 
scheint, von diesen Stammen einzelne als besondere Arten abzu- 
trennen. Wenn wir die als Synonyme betrachteten Arten V. trachei- 
philum und V. ovatum denn auch an dieser Stelle hinzuziehen, 
ergibt sich folgendes Bild: 

Reinkulturen in Petrischalen nach 1 Monat:. 

Auf Kartoffel-Agar: im allgemcinen wachst V. dahliae 
nicht sehr gut auf Kartoffel-Agar, wenigstens werden die Pseudo- 
sklerotien nur zogernd gebildet. Bei den Stéammen BUISMAN, Brive, 
VAN DER MEER und VAN DER VEER entstehen nur flache, hautige Ko- 
lonien, farblos, mit zarten Zonen. Nur im Zentrum bilden sich kleine, 
durch Pseudosklerotien schwarze Stellen, wo die Zonen denn auch 
deutlicher hervortreten. V. tracheiphilum bildet etwas mehr weisses, 
wolliges Myzel. Nur V.ovatum, und in geringerem Masze auch Stamm 
C.B.S. besitzen die Fahigkeit in kurzer Zeit grossere schwarze Stellen 
im Zentrum zu bilden. 

Auf Haferflocken-Agar: Die Stamme VAN DER MEER, VAN 
DER VEEN und Brive bilden flache Kolonien, mit undeutlichen Zonen 
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und mit einem Ueberwuchs von weissem, filzigem Myzel. Unterseite 
farblos. Pseudosklerotien werden nur sparlich gebildet. Bei Stamm 
Brive fallt noch das kreisf6rmig um das Impfstiick her'um in eigen- 
timmlichen grésseren und kleineren flachen Feldern auftretende 
filzige Luftmyzel auf. V. ovatum erzeugt im Zentrum etwas mehr 
Pseudosklerotien, welche in radiaren Streifen angeordnet sind. 
Dagegen erzeugen die Stamme C.B.S. und BUISMAN Pseudosklerotien 
in grossen Massen, sodass die Kulturen dadurch geschwarzt sind, 
die schonen regelm&ssigen Zonen treten deutlich hervor und sind 
von einem sparlichen, weissen Flaum iiberwachsen. Die Unterseite ist 
schwarzlich mit deutlicher Zonierung. 


Verticillium ovatum Berkeley et Jackson (5). 


Dieses Verticillium wurde von BERKELEY und JACKSON als Erreger 
einer Rubus-Verticilliose in Canada festgestellt und als neue Art be- 
schrieben. Nach den Autoren soll der Pilz Unterschiede im Wachstum 
und in der Bildung von Pseudosklerotien mit V. dahliae aufweisen. 
Nach WOLLENWEBER ist der Pilz jedoch als V. dahliae zu betrachten. 
Er wurde von uns untersucht, auf verschiedenen Nahrbdden ge- 
zuchtet und mit den V. dahliae-Stammen verglichen. Zweifellos muss 
der Pilz in die V.dahliac-Gruppe untergebracht werden. Zwar erzeugt 
er auf Kartoffel-Agar eine dunklere Decke als die anderen Stamme, 
doch muss bei den vielen Uebergangen, welche es in dieser Beziehung 
gibt, eine Aufrechterhaltung als besondere Art nicht durchfuhrbar 
erachtet werden. 

Reinkulturen. 

In Petrischalen nach 1 Monat: 

Auf Kartoffel-Agar: Kolonie 6 cm im Durchmesser, flach, 
hautig, in den zentralen Partien schwarz durch ‘die Bildung von 
Pseudosklerotien in Zonen, teilweise von weissem, flockigem Myzel 
iiberwachsen. Nach dem Rande hin farblos. Unterseite im Zentrum 
schwarz, die Zonen treten deutlich hervor. 

Auf Haferflocken-Agar: Schale ganz bewachsen. Kolonie 
flach, hautig, farblos, nur im Zentrum eine geringe Entwicklung 
von Pseudosklerotien, in radiaren Streifen angeordnet. Unterseite 
farblos. 


Cephalosporium Serrae Maffei (14). 


Stamm Po .Laccli, 1930. : ; 
Dieser Pilz wurde von Serra (Parma) aus dem Auge eines mann- 


lichen Patienten isoliert und von MarFFEI 1929 als neue Art beschrie- 
ben. Einige Jahre spater erschien eine Mitteilung von Focosi (15), 
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worin er diesen Pilz mit Cephalosporium Stiihmeri Schmidt et van 
Beyma meinte identifizieren zu kOnnen (19). In Erwiderung hierauf 
teilte VAN BEYMA THOE KINGMA (16) in einer kurzen Notiz die Unter- 
schiede zwischen jpeide Pilze mit, welche er als gute Arten betrachten 
miusse. Indem letztgenannte Mitteilung mehr die Artgleichheit beider 
Pilze zu bestreiten beabsichtigte als die systematische Stellune der 
neuen Cephalosporium-Art zu untersuchen, wurde der MaArreI’sche 
Pilz kulturell nicht bis in allen Einzelheiten studiert. Jedoch war uns 
von jeher eine gewisse Achnlichkeit mit V. dahliae nicht entgangen 
und als nun im Kreise dieser-Untersuchungen die Entwicklung des 
Pilzes auf verschiedenen N&ahrbdden naher gepriift wurde, ergab 
sich, dass dieses Cephalosporium in seiner héchsten Entwicklungs- 
form ein Verticillium darstellt. Diesen Pilz, der also dem V. dahliae 
nahesteht, werden wir deshalb als Verticillium Serrae (Maffei) van 
Beyma 7v.c. bezeichnen. 


Reinkulturen. 


Auf Kartoffelstitick entwickelt sich meist eine feuchte, 
glatte, farblose Haut, welche jedoch oben im Rohrchen in eine 
grauschwarze Decke ubergeht, von einem kurzen Flaum tiberzogen. 
In dem sparlichen Luftmyzel findet man Konidientrager mit aus- 
gebildeten Wirteln. Im allgemeinen steht die Verzweigung jedoch 
hinter die des V. alboatrum und V. dahliae zuriick. Die Chlamy- 
dosporen, welche sowohl terminal wie interkalar in Ketten vorkom- 
men, erscheinen oft doppelt konturiert, meist enthalten sie ein oder 
mehrere Oeltrépfchen. Die Konidien besitzen. eine mehr langliche 
Gestalt wie bei V. alboatrum, auch sind sie etwas schmaler, meist 
(4,7 —— 6) x (1,7 — 2) uw mit zwei Oeltropfchen. 

’ Nach 1 Monat ist das Stiick zum gréssten Teil schwarz gewor- 
den, mit stellenweise weissen Myzelflachen dazwischen. An der 
Glaswand ist die schwarze Farbe besonders ausgepragt. 

In Petrischalen nach 1 Monat: 

Auf Bierwitirze-Agar: eine grosse Kolonie, 4 cm im Durch- 
messer, bestehend aus filzig-wolligen, aufstehenden Hyphenbiindeln, 
sodass sie ‘mehr oder weniger zottig aussieht. Am Rande der Kolonie 
ein flacher, farbloser Saum, welche feine Zonen zeigt. Rand scharf. 
Unterseite schmutzig griingelb. 

Auf Kartoffel-Agar: Kolonie 6,5 cm, bestehend aus einer 
flachen, farblosen Decke, welche nach dem Zentrum hin immer 
mehr flaumig und grau wird, radiar gestreift und mit deutlichen, 
feinen Zonen, Schon zahlreiche Chlamydosporen haben sich ge- 
bildet, welche die Kultur dunkel farben. Unterseite grauschwarz im 
Zentrum, sonst farblos. 
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Auf Haferflocken-Agar: Schale ganz bewachsen mit einer 
filzigen, flachen, weissen. Decke, welche zahlreiche Zonen aufweist, 
ahnlich wie die forma chlamydosporale von WOLLENWEBER, Der Unter- 
schied mit diesem Pilze ist auf Bierwiirze-Agar jedoch ziemlich gross. 


Verticillium tracheiphilum Curzi (17, 18). 


Stamm PoLLaccl, 1928. 


Dieser Pilz von Capsicum annuum isoliert, bildet in der Kultur 
zahlreiche Pseudosklerotien. Die Grosse der Konidien betragt nach 
unseren Messungen (4 — 7) xX (2,3 — 3,3) uw, 'meist (4 — 4,3) x 
(2,7 — 3) yw Sie enthalten zwei Oeltroépfchen. Dieser Pilz weist 
eine derartig grosse Aehnlichkeit mit V. dahliae auf, dass wir 
ihn als Synonym betrachten. Wir haben den Pilz namlich in Rein- 
kulturen verglichen mit saémtlichen Stammen von V. dahliae aus 
der Sammlung des CBS. J’. tracheiphilum kommt im Wachstum am 
meisten mit den Stammen VAN DE VEER, VAN DER MEER und Brive 
iiberein. Wie diese wachst der Curzi’sche Pilz anfangs ‘mit weissem, 
filzigem Myzel, in unceutlichen Zonen, wahrend erst nach mehreren 
Wochen Pseudosklerotien gebildet werden. Die Stamme BuISsMAN 
und C.B.8. dagegen wachsen vom Anfang an in deutiichen, schwarz- 
lichen Zonen infolge der Bildung von Pseudosklerotien, denen ein 
flaches, flaumiges, weisses Myzel vorangeht. 


Reinkulturen. 

Auf ROohrchen nach 1 Monat: 

Auf Kartoffelstick: das Stiick ganz bewachsen mit einem 
wolligen, weissen Myzel, dass fast das ganze Rohrchen fillt. Nach 
unten wird die Myzeldecke durch einen schwarzen Stroma-Rand 
abgegrenzt. 

Auf Haferflocken-Agar: wolliges, weisses Myzel, an der 
Glaswand eine schwarze Linie bildend. 

Auf Maismehl-Agar: weisses, wolliges Myzel. An der 
Riickseite ist eine schwarze Stelle sichtbar, wo sich ein Stroma ent- 
wickelt, sonst farblos. 

Auf Kartoffel-Agar: eine flachwollige bis filzige, weisse 
Decke. An der Riickseite ist ein schwarzes Stroma sichtbar. 

In Petrischalen nach 1 Monat: 

Auf Bierwiirze-Agar: Kolonie 4 cm, bestehend aus einer 
weissen, wolligen Decke mit schmalem, farblosem, fast submersem 
Rande. Keine Pseudosklerotien. Unterseite gelblich. 

Auf Kartoffel-Agar: Schale ganz bewachsen mit einer 
diinnen, farblosen Decke, in den zentralen Partien schwarzlich durch 
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die Bildung zahireicher Pseudosklerotien, tberwachsen von einem 
flachwolligen, weissen Myzel. Um das Zentrum herum zahlreiche 
Zonen, welche im -geschwarzten Teil am deutlichsten hervortreten. 
Unterseite nur im Zentrum schwarz und deutlich zoniert, sonst 
farblos. 

Auf Haferflocken-Agar: Schale ganz bewachsen mit 
einer diinnen, filzigwolligen, weissen Myzeldecke, im Zentrum an- 
fangend etwas dunkler zu werden infolge der Bildung von Pseu- 
dosklerotien. Die Zonen sind nur undeutlich zu sehen. Unterseite 
farblos, nur im Zentrum einige dunkle Zonen. 


Bei den nun folgenden Stammen von Unilever (Rotterdam) ist 
die Bilaung von wirteligen Konidientragern selten. Dieses kommt 
auch bei bestimmten Stammen von den genannten Verticillien vor. 
In den meisten Fallen bildet sich nur ein einziger Wirtel am 
Scheitel des Tragers, aus 3—5 Sterigmen bestehend, nur nach mehr- 
maligem Ueberimpfen auf geeigneten Nahrbdden wie Kartoffelstiicken 
gelingt es, starker verzweigte Konidientrager zu erhalten. Im 
tibrigen stimmen diese Pilze so stark mit V. dahliae iiberein, 
dass wir sie als Formen desselben betrachten. Die Gestalt und 
Grosse der Konidien, die Bildung von massenhaften Chlamydosporen, 
welche sich in besonderen Failen zu Pseudosklerotien verdichten 
koOnnen und schliesslich das Wachstum auf den verschiedenen 
Nahrboden, es sind alle Merkmale wie sie auch bei den verschie- 
denen Stammen von V. dahliae gefunden werden. 

Wir lassen die Beschreibung dieser Formen hier folgen. 


Verticillium dahliae Klebahn forma zonatum. n.f. 


Stamm No. 1, Unilever, 1937. 


Dieser Pilz &hnelt dem V. dahliae Stamm C.B.S. am meisten. 
Er wachst auf allen Nahrbdoden tippig und rasch unter Bildung einer 
schwarzen Decke, welche jedoch keine Pseudosklerotien sondern 
Chlamydosporen in Massen enthalt. Er zeichnet sich aus durch schone 
Zonenbildung, besonders auf Haferflocken- und Kartoffel-Agar in 
Fetrischalen. 


Reinkulturen. 

Auf Kartoffelsttck bildet sich eine schwarze, runzelige 
Haut mit nur wenig Luftmyzel, das bald verschwindet. Die Konidien 
besitzen dieselbe Grodsse und Gestalt wie die des V. albvatrum. 
Die schwarzbraunen Chlamydosporen, welche im allgemeinen von ge- 
ringerer Gr6dsse sind wie diejenigen von V. dahliae wachsen 
interkalar einzeln in gewissen Abstaéanden in den Hyphen oder bilden 
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lange, dunkelfarbige Ketten. Meist sind die Hyphen durch biindel- 
formige Zusammenlegung wieder zu Strangen vereint. 

In Petrischalen nach 1 Monat: 

Auf Bierwutrze-Agar: Kolonie 3 cm im Durchmesser, be- 
stehend aus einer faltigen Decke mit grauweissem, wolligem Ueber- 
wuchs. Im Zentrum etwas erhaben und daselbst fast schwarz. Um die 
Kolonie herum ein farbloser Saum, 2 mm breit. Unterseite schwarz 
mit kleinen, radidren Falten. 

Auf Kartoffel-Agar: Kolonie 7 cm im Durchmesser, be- 
stehend aus einer flachen, glatten, hautigen Decke, fast ohne Luft- 
myzel, schwarz, in schoOnen konzentrischen Zonen. Unterseite schwarz. 

Auf Haferflocken-Agar: Kolonie 5 cm, bestehend aus 
einer tiefschwarzen Decke mit zahlreichen sch6dnen, feinen Zonen, 
von einem zarten Flaum tiberwachsen. Der Rand zeigt einige radiare 
Streifen. Unterseite schwarz mit violettem Stiche und deutlicher 
Zonierung. 

Lateinische Beschreibung. 

A typo differt rapida formatione chlamydosporarum qua brevi tempore 

media fusca fiunt; formatione pulchrarum zonarum in agare carbonhydratico. 


Verticillium dahliae Klebahn forma cerebriforme nf. 


Stamm No. 4, Unilever, 1937. 


Von diesem Pilze erhielten wir noch drei weitere Stamme. Am 
meisten auffallend ist sowohl bei No. 4 wie bei der weiter unten be- 
schriebenen Form C 1 das kegrenzte Wachstum auf Bierwurze-Agar 
in Petrischalen, woritiber unten nahere Angaben gemacht werden. 
Aber auch hier nur selten eine vollstandige Wirtelbildung wie bei 
V. dahliae. Die Chlamydosporen entstehen sowohl terminal wie 
interkalar typisch in langen Ketten. Die terminalen Ketten, am Ende 
eines kurzen, hyalinen Hyphenzweiges, koénnen sich zu _ kleinen 
Pseudosklerotien verdichten. Die Konidien sind eiformig, mitunter 
einerseits etwas zugespitzt, meist (3,7 — 5,3) x (2,3 — 3,0) uw. 


Oeltrépfchen fehlen. 
Reinkulturen. 


Auf Kartoffelstiick entsteht eine dicke, schwarze Kruste, 
teilweise von einem grauen Flaum iiberzogen. Luftmyzel fehlt fast 
ganzlich. 

In Petrischalen nach 1 Monat: 

Auf Bierwiirze-Agar: Kolonie 1 cm im Durchmesser, mit 
stark begrenzteém Wachstum. Die Decke ist knorpelig, am Rande 
etwas in den Agar hineingewachsen, mausgrau mit braunem Stiche, 
im Zentrum erhaben mit einigen Windungen. Unterseite violett- 


schwarz. 
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Auf Kartoffel-Agar: Kolonie 2 cm im Durchmesser, be- 
stehend aus einer flachen Decke mit radidren Falten, schwarzgrau, 
im Zentrum erhaben mit tiefen radiadren Falten, am Rande mit 
feinen Zonen. Um die Kolonie herum ein 2—3 mm breiter, farbloser 
Saum. Unterseite violett-schwarzlich, 

Auf Haferflocken-Agar: Kolonie 2 cm im Durchmesser, 
bestehend aus einer flachen, im Zentrum mehr knorpeligen Decke, 
hellgrau. Rand scharf. Unterseite violett-rotlich. 


Lateinische Beschreibung. 
A typo differt valde determiata cerebriformi crescentia in agaro hordei 
madidi (Bierwiirze) et formatione chlamydosporarum longis catenis. 


Verticilliwunm dahliae Klebahn forma restrictum nf. 
Stamm C 1, Unilever, 1937. 


Dieser Pilz stimmt mit No. 4 Uberein in dern begrenzten Wachs- 
tum auf Agar-Nahrboden, weicht aber sowohl in der Farbe, wie in 
der Gestalt, nicht aber in der Grosse der Konidien und Chlamydo- 
sporen von demselben ab. Wa&hrend erstgenannter auf Bierwurze 
bald eine mausgraue Farbe annimmt, bleibt C 1 langere Zeit kremfar- 
ben, um im Alter ein wenig graugriin zu werden. Die Chlamydosporen 
wachsen weniger in regelmassigen Ketten, sondern es entstehen meist 
unregelmassige, dunkel gefarbte Gebilde, woraus mitunter hyaline 
Konidientrager hervorgehen. Die Konidientrager bilden nur selten 
Wirtel. Die Konidien sind kugelig bis subglobos, meist (3 — 3,3) x 
(2,3 — 2,7) gross und hyalin. 

Reinkulturen. 

Auf Kartoffelstttck wachst der Pilz unter Bildung dicker, 
halbkugeliger Myzelmassen, welche anfangs weiss, spater teilweise 
graugriin werden. An der Glaswand nur vereinzelt einige dunklere 
Stellen. 

In Petrischalen nach 1 Monat: 

Auf Bierwurze-Agar: Kolonie 1 cm im Durchmesser, mit 
einer knorpeligen etwas flaumigen, kremfarbenen Haut, am Rande 
etwas in den Agar hineingewachsen. Unterseite rotlich-gelblich, hohl. 

Auf Kartoffel-Agar: Kolonie 1,5 cm im Durchmesser, 
im Zentrum etwas erhaben und daselbst hellgrau, nach dem Rande 
hin fast weiss. Farblcser Saum 2 mm. Unterseite violett-schwarzlich 
im Zentrum, sonst farblos. 

Auf Haferflocken-Agar: Kolonie 2 cm im Durchmesser, 
flach, im Zentrum etwas erhaben, hellgrau bis kremfarben und filzig- 
wollig, am Rande flach, flaumig, hellgrau. Unterseite im Zentrum 
schwarzlich, sonst gelblich. 
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Lateinische Beschreibung. 
j A typo differt valde determinata crescentia in agaro hordei madidi 
(Bierwiirze) atque rotundis vel subglobosis conidiis. 


I. - Verticillium 
dahliae f. 
cerebriforme. 


a. Chlamydosporen, 750 < 
b. Konidien, 750 X 
c. Konidientrager, 245 x 


Ik. Verticillium 
dahliae f. 
restrictum. 


a. Konidientriger, 750 
b. Chlamydosporen, 750 X 
c. Konidien, 730 X 


Ill. Verticillium 
dahliae f. 
zonatum. 


a. Chlamydosporen, 750 
b.Konidientrager, 750 
50 >< 


c. Konidien, 75 


Zusammenfassung. 


Es wurden einige mit Verticilliwm dahliae Klebahn verwandte 
Formen, isoliert von feuchtem Packungsmaterial mit der Grundart 
und einigen anderen, nahestehenden Vertretern der Gattung 
Verticillium auf verschiedenen Nahrbéden miteinander verglichen 
und beschrieben. Die beide Arten J”. alboatrum und V’. dahliae sind 
scharf von einander abzugrenzen. J”. alboatrum bildet nur dunkel- 
farbiges Dauermyzel, welches sich zu schwarzen Myzelknoten ver- 
dichten kann, ausserdem sind die alteren Konidientrager an der 
Basis braungefarbt, wahrend Chlamydosporen und Pseudosklerotien 
fehlen. V. duhliae dagegen erzeugt zahlreiche Pseudosklerotien. In 
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der Regel nehmen die Myzeldecken hier viel schneller eine schwarze 
Farbe an wie bei V.alboutrum, das meist in Reinkulturen langere 
Zeit hindurch nur weisse Decken bildet. Die Befiirchtung WOLLEN- 
WEBER’S, die Auffassung seiner Gegner wiirde ,,das V. alboatrum zu 
einer Raritat stempeln” *), trifft in der Tat zu. V. alboatruim ist eine 
Art fur sich, welche verhaltnissmassig selten gefunden wird, 
hauptsachlich auf Kartoffel und Tomate. Dagegen kommt V. dahliae 
allgemein in der Natur auf verschiedenen Pflanzen vor. Ausserdem 
scheint, wie aus Obigem hervorgeht, es eine ganze Reihe von Orga- 
nismen zu geben, welche dem JV. dahliae nahestehen, einmal durch 
die Bildung von Chlamydosporen, welche sich manchmal zu Pseudo- 
sklerotien verdichten, und weiter durch die Verzweigung ihrer, nicht 
an der Basis braun gefarbter Konidientrager. Diese erreichen zwar 
selten mehrfach wirtelige Verzweigung ‘trotz fortgesetzter Ueber- 
tragung auf geeigneten Nahrbdden, jedoch diirfen diese Pilze auf 
keinen Fall der Gattung Cephalosporium zugerechnet werden, von der 
sie sich schon durch die Bildung einfacher Wirtel entfernen. Aus 
diesem Grunde wurde auch (. Serrae zur Gattung Verticillium ge- 
bracht unter dem Namen Verticillium dahliae (Maffei) van Beyma n.c. 

Nachdem. der Name V. alboatrum im Sinne WoOLLENWEBER’S 
wieder abgedndert ist in V. dahliae Klebahn, miissen folgerichtig auch 
die Varietaten WOLLENWEBER’S als formae zur dahliaec-Gruppe gebracht 
werden. Die var. chlamydosporale Wollenweber ist demnach. V. 
dahliae Klebahn forma chlamydosporale (Wollenweber) van Beyma 
m.c. ZU benennen. Ebenso sollen die Varietaten V. alboatrwm 
Reinke et Berthold var. chlamydosporale forma «ungustum Wol- 
lenweber und V. alboatrwm Reinke et Berthold var.” imediwim Wol- 
lenweber heissen: V. @uhliae Klebahn forma angustum .(Wol- 
lenweber) van Beyma n.c. und V. dahliae Klebahn forma medium 
(Wollenweber) van Beyma j.c. Anschliessend an BERKELEY, MADDEN 
und WILLISON verstehen wir unter den von WOLLENWEBER /’ertici/- 
lium alboatrum Reinke et Berthold var. cuespitosuim Wollenweber 
genannten Pilz die Grundart Verticillium alboatrum Reinke et 
Berthold, welche keine. Pseudosklerotien bildet im Gegensatz zu 
Verticillium dahliae Klebahn. Verticillium amaranti Verona et Cec- 
carelli ist Verticilliwm Servae (Maffei) van Beyma, Verticillium 
tracheiphilum Curzi ist Verticillium dahliae Klebahn, cbenso Verti- 
cillium ovatum Berkeley et Jackson. 

Schliesslich wurden als neue Formen von Verticilliwn dahliae 
beschrieben: V. dahliae Klebahn forma zonatum, V. dahliae Kiebahn 
forma cerebriforme und V. dahliae Klebahn forma restrictum. Ver- 


*) Le. 8. 275. 
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ticillium dahliae ist also eine ,,Gruppen-Art” wie man sie bei den 
Penicillien kennt: sie besteht aus verschiedenen Typen oder Formen. 
Zur Art-Benennung dieser kleine Einheiten liegt kein Grund vor. 

Das von WOLLENWEBER beschriebene V. cinerescens ist kein 
Verticillium sondern gehért zur Gattung Phialophora und muss 
deshalb Phialophora cinerescens (Wollenweber) van Beyma 7n.¢c, ge- 
nannt werden. 
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SUR LES FERMENTS PROTEOLYTIQUES 
DU VIBRIO CHOLERAE ET DU VIBRIO EL TOR 


par 


H. BEE(WKES. 
(Regu le 27 juillet 1939). 


On sait que le Vibrio cholerae ensemencé sur une plaque au 
sang, est capable de produire, aprés quelque temps, une zone verte 
a lV’endroit de la culture. Cette zone est complétement transparente 
et nettement délimitée. Trés vraisemblablement un ferment hémodi- 
gestif est responsable de ce phénoméne. 

Aprés repiquages répétés de gélose sur gélose, ce pouvoir diminue 
d’intensité, pour finalement disparaitre. Pourtant quelques souches 
conservent plus longtemps leurs propriétés hémodigestives, tandis 
que des cultures, qui en sont complétement dépourvues, peuvent 
provoquer l’apparition passagére d’une zone verte sur la plaque. 
Simultanément, le pouvoir de scinder la gélatine diminue d’inten- 
sité, quoiqu’il continue d’exister chez la plupart des souches. La 
culture sur certains milieux permet de mettre en évidence des 
variations d’activité de ce ferment. 

Les propriétés des deux pouvoirs se ressemblent. La variabilité 
aussi offre des points de ressemblance. C’est pourquoi il n’est pas 
étonnant que la liquéfaction de la gélatine et l’*hémodigestion soient 
considérées comme des manifestations d’un méme ferment (VAN 
LoGHEM (5)). Mais, ainsi que Botman (3) le fait remarquer, ce 
parallélisme de différentes propriétés n’indique pas nécessairement 
que les deux phénoménes relévent de l’activité d’un seul et méme 
ferment. Ce chercheur interpréte la chose en admettant que les 
mémes influences font subir en général les mémes changements aux 
propriétés fermentatives. 

Le but de cette recherche est de fournir une contribution 4 cette 
derniére conception. 

Dans une communication récentie, BERNARD et ses collaborateurs 
(2) communiquent qu’ils purent démontrer la présence d’une sub- 
stance pourvue de propriétés hémodigestives dans des milieux solides 
et liquides ensemencés d’une souche de choléra hémodigestive. A caté 
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de laction protéolytique, cette substance avait le pouvoir de dé- 
composer le sang jusqu’a l’apparition d’hématine, en passant par 
un stade pendant: lequel il se trouvait de l’oxy-hémoglobine dans 
léprouvette. Une modification de technique me permit de méme de 
retrouver, dans des extraits de gélose, sur lequel des vibrions cholé- 
riques héemodigestifs s’étaient développés, une protéase ayant les 
proprietés décrites par BERNARD. 

Comment se comporte maintenant, a l’égard de la gélatine et 
Gu sang, la protéase originaire d’une souche de choléra non hémo- 
digestive? 

Deux souches de cholera, 4 savoir Ch. 86 et Ch. 91, servirent a 
cette recherche. Les deux souches étaient fort bien agglutinées par 
un sérum anti-cholérique. Ch. 86, ensemencé sur une plaque avec 
10 % de sang de ehévre, ne montra aucune zone, méme aprés 4 
jours de culture. Ch. 91 provoqua la formation, aprés 3 jours de 
cu.ture, dune zone verte, claire et nettement délimitée. La gélatine 
fut liquéfiée en méme temps a peu prés. 

Une culture de chaque souche sur gélose, agée de 24 heures, 
fut préparée dans deux flacons de Roux contenant environ 200 cc 
de gélose nutritive 2 3 %. Aprés 4 jours de culture a 36°5 C., les 
bactéries furent enlevées au moyen d’eau distillée stérile, la masse 
gélosée fut broyée, et 200 cc d’eau distillée stérile furent ajoutés a 
chaque flacon. Deux flacons non ensemencés servirent de contrdle. 
Le contenu des flacons fut filtré sur ouate stérile aprés une semaine 
de séjour 4 la glaciére; 150 cc de ce filtrat furent précipités par 75) 
ec d’acétone-alcool 42 97 % ana. Cette méthode de précipitation fut 
mise au point par Kayser (4) pourl’isolement des protéines sériques. 
Ma thése (1) rapporte des données complémentaires a ce sujet. 


Aprés dessiccation 42 37° C., le précipité fut dissous dans 15 cc 
de solution de NaCl a 0,9 %. De la méme maniére, 250 cc acétone- 
alcool a 96 % ana servirent 4 précipiter 50 cc de filtrat provenant 
de gélose non ensemencée; et, aprés dessiccation, le précipité fut 
dissous dans 8 cc de solution de NaCl 4 0,9 %. L’action sur la gélatine 
fut examinée par l’addition de 1 cc du précipité dissous a 2 cc de 
gélatine a5 % ayant un pH ue 7.5, puis par une incubation de 2 
heures a 36°5 C. suivie du séjour des tubes pendant 1 heure a la 
dissous dans 8 cc de solution de NaCl 4 0,9 %. L’action sur la gélatine 
dans J’eau distillée, en portant le pH a 7.5, et en chauffant ensuite 
pendant 10 minutes a 100° C. Le résultat peut se lire dans e 


tableau I, 
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TABLEAU I. 
INFLUENCE DE LA PROTEASE CHOLERIQUES SUR LA GELATINE. 


Numéro de Quantite he Gélatine |2 heures 4 36°5 C, et ensuite 
précipité ee ; 

la souche. : 4 d%. 1 heure 4 la glaciére. 
dissous. 


Ch 91 Ge 45 Wie liquéfaction 
Ch 86 i @s, 45 9 @@ liguéfaction 
Contréles: 

Extrait de gélose 1 ee -+- 2 ce | coagulation 


non-ensemencée : 
2° ce coagulation 


On voit que les précipités, provenant d’une gélose nutritive 
ensemencés au moyen de deux souches de choléra, peuvent liquéfier 
la gélatine aprés 2 heures de contact a 36°5 C. Le précipité de 
Vextrait de gélose non ensemencée n’a pas d’action protéolytique. 

L’influence de différents précipités sur sang de chévre fut ensuite 
examinée. Les résultats de ces épreuves se lisent au tableau II. 


TABLEAU II. 
INFLUENCE DELA PROTEASE CHOIERIQUE SUR SANG DECHEVRE. 


Feiys Emulsion 3 
Numéro de Sia ire e sang de a3 ee Aprés 48 heures 
la souche. pie chévre ead a 86°5 C. 
de gélose.| 4 5%, & 86° C. 


Ch 91 Once + ce Absence | Couleur brune verte. 
d’hémolyse) Hématine alcaline. 

Ch 91 5ecc + 1ce | Absence | Couleur brune verte. 
d’hémolyse; Hématine alcaline. 

Ch 86 5 ce {eel Absence Zone hémolytique de 3 


d’hémolyse! mm de haut au-dessus 
du sédiment érythrocy- 
taire. Liquide surnage- 
ant inchangé. 


Ch 86 CeCe = ae ce | Absence id. 
| d’hémolyse 
Controles: | 
Extrait de ouccime ts glecc | Absence | Absence d’hémolyse. 
gélose non- d’ hémolyse, 
Eee, | “lec | Absence’ | Absence d’hémolyse. 


d’hémolyse. 
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On est frappé, a l’examen du tableau II, que le précipité prove- 
nant du milieu ensemencé avec la souche de choléra hémodigestive 
Ch. 91 transtorme le sang de chévre, aprés 48 heures, en hématine 
alcaline. Aucune modification ne se manifeste apres 24 heures. Cette 
sauche, étudiée il y a quelques mois, produisait un ferment beaucoup 
plus actif. Deja aprés 24 heures de culture, le sang était transformé 
en németine. Le précipité provenant de la Ch. 86 se comporte dif- 
feremment. L’attaque du sang ne va pas plus loin ici que la formation 
d’une zone hémodigestive au-dessus du sédiment érythrocytaire. La 
spectroscopie ne montre ici que la présence d’oxy-hémoglobine. Le 
meme phenomeéne fut aussi obtenu aprés 3 jours de culture. La 
répetition de l’expériment ne changea pas les résultats. Ce ferment 
proteolytique était done bien capable de iiquéfier la gélatine et de 
déterminer une légére hémolyse; mais une transformation du sang 
en combinaison plus simple était impossible. 

Ces observations semblent indiquer que nous avons affaire a 
deux ferments. Différents faits plaident également dans ce sens. Au 
cours d’un examen sur la variabilité des propriétés d’un certain 
nombre de souches de choléra, je fus frappé que des cultures, qui 
liquéfient assez fortement la gélatine, ne présentaient aucune zone 
hémodigestive sur plaque au sang, tandis que des souches, qui atta- 
quaient la gélatine beaucoup moins intensément, formaient sur la 
plaque au sang une jolie zone verte et claire. Si 1’ autodigestion et 
l'attaque de la gélatine étaient des manifestations d’un seul ferment, 
une zone aurait di se former sous l’action d’une souche fortement 
liquéfiante, et la présence d’une zone hémodigestive dépendrait de la 
formation de ferment en quantité suffisante. Inversément on 
rencontre des souches qui possédent un pouvoir hémodigestif assez 
grand, mais une propriété liquéfiante beaucoup moins prononcée. 

Si les propriétés biochimiques se modifient et si une souche non 
hemodigestive le devient, le pouvoir de scinder la gélatine semble 
aussi s’étre accru. Tout cela rend vraisemblable que nous avons 
affaire ici 2 deux ferments séparés, un ferment hémodigestif et un 
ferment liquéfiant la gélatine. L’enzyme hémodigestive montre en 
genéral une tendance a diminuer rapidement d’activité et a dis- 
paraitre par culture répétée sur milieux artificiels. Le pouvoir de 
scinder la gélatine demeure la plupart du temps intact; il peut aussi 
disparaitre. mais le plus souvent diminue seulement d’intensité. 

Jai examiné simultanément le pouvoir hémodigestif et celui de 
scinder la gélatine de 4 souches de JV. El Tor repiquées sur gélose 
et conservées sur un méme miiieu a l’oeuf composé par DooRENBOS 
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(Alexandrie) *). Les cultures de V. Hl Tor avaient été isolées lors 
d’une petite €pidémie de choléra a Celebes, décrite par pe Moor (6). 

Les propriétés d’attaque de la gélatine furent examinées au 
moyen du viscosimétre de Ostwald. La technique de cette recherche 
a été détaillée dans ma thése. Nous mentionnerons succinctement ce 
qui suit. 

Trois anses normales de chaque souche de cultures de V. El Tor 
agées de 24 heures, furent déchargées dans un milieu dont voici 
la composition: 1 % de gélatine (gélatine bactériologique de la 
,»Delftsche Lijm en Gelatine Fabriek” a Delft), 1 % de peptone 
(Witte), 0,5 % NaCl, eau distillée. Aprés adaptation du pH a 8.0, 
addition de 10 % de phosphates-tampon. Des flacons renfermant 
70 ce de cette solution de gélatine furent chauffés 3 jours de suite 
pendant 60 minutes a 70° C. et placés durant 24 heures a 37° C. 
pour contréler la stérilité. 

L’ensemencement des souches a examiner ayant été fait, la 
viscosité relative des différents liquides fut determinée aprés 24, 
48 et 72 heures de culture a 37° C. Les différents résultats sont 
exprimés en courbes (fig. 1 et 2). 

Si on compare celles des souches repiquées sur gélose avec celles 
des cultures conservées sur milieu de DoorENBOs, on gagne l’impres- 
sion que l’intensité du pouvoir de scission de la gélatine des souches 
derniérement nommées a diminué. Vraisemblablement, moins de 
gélatine est attaquée pendant le méme temps. Surtout V. El Tor 
757, repiqué sur gélose et conservé sur milieu a l’oeuf de DoorRENBos, 
accuse nettement cette différence. Les autres souches aussi font 
présumer une réduction. 

Le pouvoir hémodigestif des souches repiquées sur gélose se 
maintient également mieux que celui des cultures sur milieu de 
DooreNBos. On peut lire les résultats dans le tableau III. 

On voit que chez deux souches, aprés repiquages sur gélose, 
Vhémodigestion persiste et croit méme un peu, tandis que cette 
propriété disparait chez une souche. 

Aprés culture sur milieu a l‘oeuf de Doorensos, les trois souches 


*) Le milieu 4 loeuf de DoorrnBos se prépare comme suit: A. Blanc 
doeuf 10% dans l’eau distillée; B. Jaune d’oeuf 10% dans l’eau distillée. 
A 100 ce de jaune d'oeuf 4 10%, ajouter 1 cc de NaOH normal. A. et B. 
sont alors chauffés séparément pendant 20 minutes 4 100° C. et filtrés 
sur papier. Mélanger ensuite 750 cc A. et 240 cc B. Répartir en tubes et 
stériliser 2 110° C. pendant 20 4 30 minutes, Ce milieu peut étre utilisé pour 
la longue conservation des bactéries. 
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Ns~ No 


controle 


0 24 48 7aheures 


Fig. 1. Souches conservées pendant 4 mois sur le milieu 4 l’oeuf de 
DoorenBos (contréle: solution de peptone gélatinée a 1%). 


s~% 


contrdle 


0) 24 48 72 heures 
Fig. 2. Souches cultivées pendant 4 mois sur gélose nutritive (contrdle: 
solution de peptone gélatinée 4 1%). 
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TABLEAU III. 


PROPRIETES DES SOUCHES DE V. EL TOR SUR PLAQUES AU SANG 
APRES REPIQUAGES SUR GELOSE ET APRES MAINTIEN SUR MILIEU 
4 L’;OEUF DE DOORENBOS *). 


Fo nS 


Au début repiquages sur 4 mois sur inilieu 
Aprés 1, 2, 3 jours | bouillon gélosé de DOOKENBOS, 
'Aprés 1, 2, 3 jours.|Aprés J, 2, 3 jours. 


| Aprés4 mois de |Aprés un séjour de 


Souches 


H i 


V. El Tor 757 Cats UCaVen CLE | CA \Onigee Ate (Gm, sche One 


VV. El Tor 769 Gi KORY, eye CLVeN CLV Cavs ie Oe Ook 
\. El Tor 676 CLEC. Vee. ve CieeOT, Ber Che, (5h eae, 
V. El Tor 770 Cats O8e One OS Wary te, Hie KOsdy Sone, 
*) er. = cercle rouge, opaque: c.v. = cercle vert. 


ne montrérent aussi aprés 3 jours qu’un cercle hémolytique sur 
plaque au sang. 

Ainsi, tandis que le pouvoir hémodigestif des souches de V. El Tor, 
conservées sur milieu a loeuf de Doorensos, diminue et dis- 
parait, il se manifeste parallélement une diminution d’attaque de la 
gélatine par comparaison avec les souches de V. Hl Tor repiquées sur 
eclose. Deux des 3 cultures repiquées sur gélose nutritive conservent 
le pouvoir de former une zone verte. Ces observations donnent 
l’impression que le repiquage régulier sur gélose exerce une influence 
plus favorable sur le pouvoir hémodigestif qu’une longue conser- 
vation sur un milieu qui renferme du blanc d’oeuf. 


Conclusions. 


On peut conclure, en résumé, que l’hémodigestion et la liqué- 
faction de la gélatine sont des manifestations de 2 ferments. 

Au surplus, les comportements du pouvoir de scission de la 
gélatine et du pouvoir hémodigestif furent comparés chez 4 souches 
de V. El Tor cultivées sur gélose et conservées sur un milieu ren- 
fermant du blanc d’oeuf. A cette occasion on a eu recours au 
viscosimétre de Ostwald. 

Il fut observé que, chez les souches de V. El Tor cultivées sur 
gélose, la scission de la gélatine et l’hémodigestion furent plus 
intenses que chez des souches conservées sur milieu a l’oeuf. En 
cutre, chez ces derniéres, le pouvoir hémodigestif avait entiérement 
disparu. 
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DETERMINATION OF THE FERTILITY 
OF THE SOIL 
BY MICROBIOLOGICAL METHODS’). 


by 


K. T. WIERINGA 
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The fertility of the soil must be considered as a very complex 
property. In its most simple conception it is understood as the 
taculty of the soil to produce a crop, the: most fertile soils being 
those, that produce the largest crop at the smallest expense of 
money and labour. Among the factors, determining fertility, there 
appear complex properties, such as structure and absorption capa- 
city. The structure, determining the interrelation of the three phases: 
solid, liquid, gaseous, is in itself dependent upon the soil colloids, 
anorganic as well as organic, which in their turn are decisive for 
the absorptive capacity of the soil. So the presence and availability 
of the elements necessary for plant-growth must be considered 
from the same central point of view, the colloidal soil-complex. Of 
these the cations are present chiefly in an absorbed status. Since, 
at present, there is an increasing tendency to apply the elements 
K, P and N in a purified or synthetic form, a growing interest is 
observed for the so called minor elements **): Fe, Mn, Cu, Zn, B, 
Mo, e.a. But also Mg and S and the hydrion-concentration, in- 
fluenced largely by the presence or absence of lime, are important 
factors. 

Apart from these factors the microflora and -fauna claim our 
special interest. When the question is put, whether a microflora is 
necessary for plants to produce a crop, the answer will be in the 
negative. Sterile cultures may be as productive as cultures in a 
normal] fertile soil. In our natural soils, however, the microflora 
and -fauna cannot be dispensed with. Without the mineralisation 
process the plant nutrients, present in the organic matter, would 


*) Presented at the meeting of the Netherlands Society of Micro- 
biology, Wageningen, May 18th, 1939. 

**) Recently the use of the indication ”oligo-plerontic elements” has been 
proposed. @e., elements required in small quantities (Chronica Botanica 
Jan, 1940). 
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be blockaded, and the production of carbon dioxide, being so im- 
portant in more than one respect, would nearly be brought to a 
standstill. 

On the other hand it is a fact, that the microbiological equili- 
brium, that establishes itself under the influence of the other 
factors of soil fertility - the climate of the soil, as pointed out by 
Remy (21, 22) - modifies itself quantitatively with a change of any 
of these factors. 

All researches for the purpose of studying the microflora and 
-fauna qualitatively and quantitatively must be -considered as 
attempts to determine the general state of fertility. But there is 
another group of methods to be considered, intending to determine 
a certain condition or a certain deficiency, and here micro-orga- 
nisms may be used as indicators. . 


When I now enter into discussion on the microbiological me- 
thods used for the determination of tle general state of soil fer- 
tility, I renounce completeness, but I will restrict myself to some 
general remarks concerning the more important methods, as far as 
my own experience goes. My cwn data mentioned in this paper 
have been collected in studying soil samples partly from the ex- 
perimental garden of the Microbiological Laboratory in Wageningen, 
partly from fields in the neighbourhood, or from experimental fields 
in other regions of the Netherlands. 

Beginning with the quantitative determination of micro-orga- 
nisms in the soil, the well-tried plate method should be mentioned 
first of all. Though we need not dwell at length upon the errors 
inherent to this method, attention should be called to a few points. 
Is is known, that there is no solid medium, that will allow the 
development of all kinds of micro-organisms, so that only a small 
part of the total number may be found on the plates. Other im- 
perfections of the method are caused by the discontinuity of the 
distribution of microbes in the soil (9). The bacteria are found in 
small colonies on the solid particles, from which they will not easily 
be seperated. It follows that the figures thus obtained will be 
too low. 

it was known as early as 1909 from a publication by ENa- 
BERDING (7), that each sample of 1 cc of the final dilution gives 
another outcome, so that it is necessary to use parallels; WAKSMAN 
(31) uses 8 to 10 plates per sample. As the same mistake is made 
in the use of every dilution, the same number of parallels should 


58 K. T. Wieringa, 


be used throughout. But then the method would be impracticable. 
So when it is known in respect of a soil which dilution is most 
likely to give a countable number of colonies on the plate, it is 
desirable to prepare this dilution with the least possible stages. 

ENGBERDING thinks that notwithstanding these imperfections the 
plate method is reliable, as the differences between soil samples 
are of far greater importance than the errors inherent to the 
method. This only holds true, however, in the case of widely diffe- 
rent soil samples. Thorough treatments of the soil and strongly 
affecting climatic influences can be traced by this method, as was 
shown by HILTNER and STORMER (11) in experiments on partial 
sterilisation with CSs,. 


In the course of my own experiments (in co-operation with 
J. TEPPEMA) I counted bacteria and actinomyces colonies on soil- 
extract agar, to which 05-% of Ca-caseinate and 0.1 % K2HPO; 
were added. The soil samples were collected in the neighbourhood 
of Wageningen, and were partly taken from plots in our garden. 
Among 23 samples there were clay as well as sandy soils and grass- 
land as well as arable soils. The soil samples were all taken at a 
depth of 5—10 cm. As soon as the sample reached the laboratory, sus- 
pensions were made containing 0.01 mg soil per 0.5 cc, this quantity 
of the suspensions being plated on the surface of the agar plates 
in 5 parallels. It is important to dry the plates beforehand on a hot 
water stove not exceeding a temperature of 70° C. The surface of 
the plates should be just clearly wrinkled. The agar then having 
reached a temperature of about 35-40° C., the water will be taken 
up rapidly and bacterial colonies will not easily spread on the sur- 
face. On these plates bacteria and actinomyces grow readily and can 
easily be recognised, so that after 4 to 5 days the ratio actinomyces: 
bacteria (a/b) can be determined without the slightest difficulty 
under these conditions. 

Now, as fig. 1 shows, in grassland the ratio a:b is > 1, on 
arable soil it is just the reverse, while ploughed up grassland after 
a few years conforms with the arable soil type. So the line a:b = 
1 marks a division between grassland and arable soil. But a second 
division may be made, separating clay soils from sandy soils. The 
total numbers of colonies found in the former are considerably 
higher than those from the latter types of soil. This is demonstrated 
by the second line of demarcation in the graph. The field is thus 
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bacteria in millions per grof soil. 


‘actinomyces in millions per grof soil. 
Fig.|. Ke clay; O» grassland; X* arable 
land; &%3,4-old grassland 


ploughed up in 1934 etc. 
From experiments made during 


1936 
separated into 4 parts as demonstrated in this diagram: 
Arable sand low numbers Bye | 9) 
Grassland sand low numbers Ey SS) 
Arable clay high numbers a= A) 


Grassland clay high numbers ASS ite 

So it is clear, that large differences in tillage and soil type can 
be determined by the plate method. Meanwhile it must be stated, 
that, no matter how useful the data thus obtained, it does not 
show the total microflora of the soil. The evidence of this omission 
was emphasized when CoNN (6) and later WINOGRADSKY (32) 
took to directly counting the soil micro-organisms, which was only 
possible by introducing acid stains (rose bengal, erythrosine) as a 
means of making the microbes distinguishable between the soil 
particles. The numbers of bacteria counted with the direct micros- 
copic method many times surpass those obtained by the plate 
method. Unfortunately the different kinds of bacteria cannot be 
estimated, nor are we sure whether the bacteria counted were alive 
or dead in the soil. 

The very important observation of WINOGRADSKY’s (32), that the 
majority of the bacteria in the soil are found as colonies, clinging 
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to the solid soil particles, is a reason the more, for stating that 
the figures obtained by the plate method are too low. Only where 
substances (especially organic ones) are added to the soil (cul- 
ture spontanée) a flora of single cells develops, mostly quite 
different from the normal autochtonous soil flora. This latter, con- 
sisting chiefly of coccus forms, is always present in the soil and is 
held responsible for the slow decomposition of the organic matter 
in the soil, whereas the former (mostly rods, with or without spo- 
res), has little or nothing to do with the soil microflora proper, 
coming into the soil as contamination with decaying organic mat- 
ter. This ,,wild”-flora, however, is the one best studied by soil micro- 
biologists. It develops in the selective nutrient solutions as used in 
the classical methods of microbiology, e.g., in determining physiolo- 
gical groups numerically by the dilution method (11), or according 
to their activities by the method of Remy-LOHNiIs (21, 22, 14). 
These classical methods of microbiology are rejectable, while the 
microbes are taken away from their normal surroundings, and are 
placed under abnormal conditions, so that certain species develop 
that have but little or nothing in common with the autochtonic 
flora of the soil. 

Though this rejecting sentence of WINOGRADSKY’s may be jus- 
tifiable in many respects, it goes too far in other ways, considering 
the many useful data on the microbiology of the soil, which we 
have gathered by these classical methods. In fact, all of our know- 
ledge on the processes taking piace in the soil is based upon these 
methods and not in the last place owing to WINOGRADSKY’s work. 
Without any doubt these older methods have yielded practical 
resuits of 10 small importance. I need only refer to the work in 
our country in the Andyker Proefpolder and Wieringermeer (10). 
It may be true that the numbers obtained in counting bacteria 
hydrolysing cellulose, starch, urea, for nitrifiers and denitrifiers, 
N-fixing organisms etc. are not precisely in accordance with those 
to be found in the soil, but in comparative researches it is quite 
possible to distinguish between normal and abnormal soils. 

The liquid culture method of ReEmMy and LOHNIS (l.c.) must be 
considered less satisfactory. It measures the amount of substrate 
hydrolysed (starch, cellulose, urea, etc.), oxidized (NHs) or fixed 
(No) after 2, 4, 6 or 8 days, and from these amounts concludes to 
the activity of the respective physiological groups of micro-organisms. 
This method would be valuable if the initial rate of the process 
could be determined. However this is so low, that it cannot be 
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measured. But in extreme cases differences in soil types and treat- 
ment may be easily demonstrated. 

Quite another way was followed by those workers who measured 
the production of COz in the soil, with or without addition of 
oxidizable carbon compounds. In relation to these researches the 
mames of HESSELINK VAN SUCHTELEN (29), STOKLASA c.s. (28), 
PETERSEN (19) and LUNDEGARDH (15) must be mentioned. These 
workers intended to determine a property of the soil resulting from 
the co-operation of nearly all organisms living in it, using the soil as 
a natural medium. Moreover the methods are interesting in so far as 
COz is a substance in more than one point important for plant 
nutrition. Without dwelling upon the different modifications of the 
methods applied in this respect, I would emphasize certain points, 
that must be considered in estimating the results obtained: 1) 
Mixing and sieving of the soil will alter its COz production, as was 
clearly shown by HESSELINK VAN SUCHTELEN (29) Sieved soil gave 
177 % more COz than the same soil in unsieved condition. 2) In field 
experiments, where the soil is left in its natural condition (as far 
as this is possible) not only the technique of taking a representative 
sample is very difficult, but it is moreover impossible to eliminate 
the influence of temperature and moisture on COs production. 3) 
Where C-compounds are added to the soil sample, only the initial 
rate of COz production is important. This, however, is so small, that 
it cannot be determined. 

In order to get a better insight into the distribution of microbes 
and their density, Rossi (23, 24) and CHoLopny (3) independantly 
worked out the soil slide-method. Microscopic slides are buried into 
the soil and dug up after several days or weeks. After staining 
with erythrosine, microscopical examination shows what has grown 
cn the glass surface. The local condition of the soil microflora can, 
according to the authors, thus be studied under natural conditions. 
KAMERMAN (13), however, showed that the kind of glass used greatly 
influenced the composition of the microflora, notwithstanding a 
careful cleaning of the glass. 

An extension of this method is that used by ZiEMIECKA (35). 
Now that it has been proved that the surface of the glass is a factor 
to be reckoned with, it is an easy step onward to cover it by organic 
or inorganic substances, thus creating a surface influencing the 
microflora in a specific way. The organisms growing on the slides 
will be at the same time dependent on the soil type. I myself made 
experiments, which showed marked differences in the way of mine- 
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ralisation of organic matter in different soils. The slides were covered 
with solutions of starch or peptone and, after drying, were buried in 
neutral or acid soils. In neutral soils mineralisation does not only 
progress with greater rapidity, but the microflora developed differs 
from that grown on acid soils. As the microflora on each slide differs 
from place to place it is necessary to observe a number of micros- 
copic fields e.g., 25. The results of such an experiment with peptone 
in a acid soil (pH=5) and a neutral soil (pH=-6.8) are found in 
Table I. 


TABLE I. 


NUMBER OF FIELDS SHOWING GROWTH OF RACTERIA, FUNGI 
AND ACTINOMYCES ON PEPTONE-COVERED SLIDES 
IN 25 MICROSCOPIC FIELDS. 


Time Acid soil Neutral soil 
in - 
Actinom. Actinom. 
0 0 
0 5 
0 6 
0 1 
0 4 
0 25 15 18 
1 20 16 4 
i 18 2 5 
3 24 1 9 


Differences in neutral and acid soils are also obtained with 
starch. 

Before concluding my discussion of the methods in studying the 
qualitative and quantitative microflora of the soil I would mention 
the ,,soil-chamber”’ method of CHOoLopNy (4). A square part of 
a slide of the dimensions of a coverglass is covered with soil, 1 mm 
high, leaving open a central circular spot of 3 mm in diameter. This 
square is covered with a coverglass and now placed in a moist 
chamber. Protruding from the soil into the central room there 
grows a microflora, that will differ according to the soil. Of course 
the glass surface must be carefully cleaned. Existing literature gives 
but little information about results obtained with this method. I 
myself have observed a development of enormous masses of bacteria 
of different kinds, rods as well as cocci, in the watery zone, adjoining 
and surrounding the soil particles. From this I conclude that bacterial 
numbers in moist soil samples, brought to the laboratory, may alter 
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greatly in one or two days. 

Now let us discuss those methods that intend to determine a 
certain condition of the soil or a certain deficiency in perticular: 

In his microscopic study of the soil-organisms WINOGRADSKY 
(32) regulariy observed rather large cocci, resembling Azotobacter. 
To make sure about the true nature of these bacteria it was neces- 
sary to bring them to multiplication. For this purpose WINOGRADSKY 
in the first place used the spontaneous culture ("culture spon- 
tanee”). After addition of an N-free C-compound, e.g., mannitol, 
these cocci multiplied rapidly, and when afterwards this soil was 
sown on silicogel-mannitol plates, a great number of Azotobacter 
colonies developed. But also without a previous spontaneous cuiture 
a number of soils will give rise to a development of Azotobacter 
colonies on silicogel-mannitol plates. According to WINOGRADSKY the 
occurrence of Azvtvbacter in soils is a characteristic of primary im- 
portance for the activity of the soil, those soils not containing 
Azotobacter being inactive. A further step in this line of thought was 
the development of the method of the "plaque de terre 
moulée’”, the soil plaque method. To 50 g of soil 2.5 g of starch or 
5 g of mannitol are added, and so much water that a plastic mass 
is obtained. This mixture is put into a Petri-dish and the surface is 
smoothed. After 3 days active soils in a moist chamber at 30° C. will 
show a large number of colonies. Very often these colonies may 
prove to consist of almost pure cultures of Azotobacter. Inactive soils 
will not give rise to a development of these colonies. According to 
WINOGRADSKY this method, in combination with the silicogel plate, is 
the best method for demonstrating the presence of Azotobacter in 
soils. 

With inactive soils the soil plaque method often fails to give 
Azotobacter-growth for different reasons. These are: 1) The absence 
of Azotobacter, 2) the missing of a mineral factor (deficiency of P), 
3) the presence of an interfering factor (acidity). In many soils lack 
of chalk is such a limiting factor. Azotubacter has been used on a 
large scale for determining a lack of chalk in an earlier period, when 
soil scientists could not dispose of our modern methods for the 
determination of soil acidity, want of chalk and acidity belng gene- 
rally synonymous. It was known, that Azotubacter does not develop 
well in slightly acid media, and in spite of other statements it may 
be accepted, that Azotobacter does not occur in soils with a pH 
lower than 6.5 and even that it has no practical significance when 
the pH < 7. Table II taken from a publication of 1926 by W1NOGRADSKY 
(32) shows this. 
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TABLE II. 
(After WINOGRADSKY (82) ). 


a EE TE IE IE LILI ELLE LEILA EL DL 


~ 


nature des colonies développées 


gain net en 


pes azote en mil- 
d’étuve sur les plaques. ieee 
Numération des colonies Azotobacters: 
10 400 18,53 
10 440 23,33 
10 860/ sur toutes les plaques !/, a '/, 20,76 
10 880 ) est couvert de bulles. 24,59 
10 238 es 
10 2386 27.64 
10 380 18,87 
Azotobacter, 200 colonies. Petit flot ue 
? 
7 de bulles. 17,91 
} Azotobacter, 150 colonies. Pas de bulles. ee 
7 Aucune colonie Azotobacter. 0,47 
7 Azotobacter, environ 200 colonies. 18,25 
if 5 colonies Azotobacters. 14,64 
7 Colonies des Azophiles (Bacille gom- 0,27 
meux). 
14 8 colonies Azotobacters qui forment 7,08 
trois grandes flaques, dont deux avec 
bulles. 
7,1 8 0,57 
Gu 8 0,57 
7,1 10 > Néant d’ Azotobacter. Quelques dizaines 1.14 
7,1 10 de petites colonies du bacille gommeux. 0,51 
7,1 21 i 0,64 
6,6 14 Néant d’Azotobacter. Quelques petites 0,69 
6,6 14 colonies d’oligazophiles. 0,72 
6,2 12 0,72 
6,2 14 Petites colonies d’un coccobacille. 0,85 
6,2 14 non dosé 
5,9 12 | 0,40 
5,9 14 méme remarque. 0,34 
5,9 20 non dosé 
| 
pe me (soge remarque. e 2 Ose é 


Determination of the fertility of the soil by microbiological methods. 65 


In Denmark CurisTeNSEN (5) used Azotobacter cultures in the 
following way for determining a lack of chalk. ‘lo 50 ce of mannitol- 
K2HPO, solution 5 grams of soil are added. When this mixture is 
inoculated with a vigorous Azotobacter culture, growth of this orga- 
nism will only take place when the soil is sufficiently basic. By way 
of control enough CaCO; is added to a second cuiture to warrant 
basic conditions. In all cases where no film is formed without addi- 
tion of CaCOs, the soil is in need of chalk. 

Now liquid cultures are not favourable to Azotobacter growth, 
and for that reason SOHNGEN c.s. (27) have substituted a solid 
medium for CHkISTENSEN’s culture medium, adding 1.5 % agar. 
Furthermore the quantity of chalk necessary for the growth of the 
Azotobacter was determined by adding measured quantities of 
CaCOs. Further, to promote the reaction between the acid humous 
substances and the CaCOs3 it was necessary to steam the soil in 
watery suspension with the chalk, the water being poured off after 
this treatment. Then the soil was mixed with the mannitol-phos- 
phate agar medium and plates were poured in 9 cm Petri dishes. On 
the surface of these plates Azotobacter will readily grow when 
sufficient chalk is added to reach a pH = 68. 

It was shown, that there was a linear relation between want 
of bases and the humus content, this want of bases being more or 
less satisfied in normal soils. It was shown besides that our normal 
Dutch sandy soils have an acid reaction, whereas our fertile clay 
soils are alcaline or at least neutral. Therefore the often accepted 
opinion that Azotubacter must be present in fertile soils does not hold 
with regard to humous sandy soils. Fig. 2. shows a series of mannitol- 
agar-soil plates from differently manured experimental plots in the 
garden of the Laboratory of Microbiology at Wageningen. The ma- 
nuring of these soils is given in Table III. Where Azotobacter grows 
on the plates, films of this organism will usually develop in liquia 
cultures without extra inoculation of the mannitol-phosphate me- 
dium, and also in WinoGrapsky’s soil plaques Azotobacter colonies 
will develop, provided that other necessary mineral factors are 
present. 


In America WINOGRADSKY’'s SOil plaque method (see also (33) and 
(34)) has been supplemented by the inoculation principle, already 
used by CHurisTENSEN in his liquid cultures. By adding CaCOs at 
the same time, one may be sure that the inoculated Azotobacter will 
grow when other mineral factors are present in sufficient quantities. 
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TABLE III. 


PLAN OF TREATMENT OF THE EXPERIMENTAL FIELD 
OF THE LABORATORY OF MICROBIOLOGY AT WAGENINGEN. 


1) 9) 17) 25) 33) | 
No P Cla 


Sand Sand + Complete y 
Peatlitien manuring. 
ls. = -16 lisie= 1.0 
ae 10) 18) 26) 34) 
Sand + a, 
Sand+ Peat-litter a Bread uta ne 
2°/) lime-marl 2g lime-marl] 1. — 44 re a “17 
3) WSF 11) 19) 27) 35) 

60 kg. 5 kg. 15 kg. No Compiete 
lime-marl lime-marl lime-marl manuring. Nas NaNO 
leo Oay) lis. = -16 es ="-11 OY Pare 210 ls. = -18 

4) 12) 20) 28) 36) 

30 kg 0 kg. 10 kg. No N ar ate 
lime-marl lime-marl lime-marl of Ange 
].g. = -4 Ls. ==" -20 Ley 14 as le ls 1-25 

5) 13) 21) 29) 37) 

15 kg. 60 kg. 5 kg. No K Farmyard 
lime-marl Jime marl lime-marl manuring. 
lesa - 112 l.cazenO ls. = -20 Ls.== -15 ls. == -7 

6) 14) 22) 30) | 33) 

10 kg. 30 ke. 0 kg. Complete No 
lime-marl lime-marl lime marl N as NaNOs manuring. 
ls. = -15 lsv= 2 See | eed: ee a 

7) 15) 23) | 31) 39) 
5 keg, 15 kg. 60. kp. PO ae No N 
lime-marl lim r] li : eee . 
f ne-matr ime-marl of ammonia. 
ls. = -16 Vaeseel | kee 0) lig. =: -24 ls. = -13 
8) 16) 24) 32) 40) 

0 kg. 10 kg. 30 kg. Farmyard No, K 
lime-marl lime-marl hHime-mar] manuring. 
ls. = -20 ls. = -14 ls. = -4 Isaac 0) ie Ss ale 


t) 1s. = lime status. Cf. Hupte (12), 
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Fig. 2. Soil samples in mannitol-agar soil plates, inoculated with a pure 
culture of Azotobacter. Experimental field plots from the Laboratory of 
Microbiology at Wageningen. 


In this form SACKETT c.s. (25, 26) have used the soil plaque method 
for the determination of P and K deficiency of the soil. The classi- 
fication cf soils in types with respect to phosphate deficiency is shown 
in Fig. 3. 

In Denmark PeTerRseEN (20) tested SACKETTs method, comparing 
his results with those of experimental plots and observations in the 
field. He stated, that Azvtobacter will strongly react upon deficiency 
of P, perhaps a little more strongly than plants (Cf. Fig. 4). The 
reaction upon a lack of K was less satisfactory. This is quite in 
accordance with the statements of GerLACH and VoGeL (8) and 
VoGEL (30). These authors even go so far as to assert that Azoto- 
bacter does not need any K at all for its growth. 

My own observations indicated, that it will be necessary to add 
other mineral elements to the substrate, when deficiency of K or P 
must be determined. In leached out acid soils addition of Mg and Mo 
will often be necessary. In 1935 already vAN Nie (17) drew atten- 
tion to the importance of this means of determining the absence of 
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Fig. 3. Type 
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Class Ht 
Bightly deticrent 


Clase 1v 
Net deficient 


plaques for phosphate deficiency classification. Left row: 


Checks, nothing added; right row: phosphate added (After Stewart. SACKETT 


ROBERTSON and KEZER (26)). 
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Fig. 4.Percentage of soil samples 
deficient in P at different 
P. LeveLs. 


m P. deficiency. 
Intermediate Cases. 
No P. deficiency 
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Mo in soils, and in 1937 Borteis (1) used the same method. But 
also deficiency of Mg, often found in acid sandy soils can easily be 
ascertained by the soil plaque method. 

As was already shown by Petersen (20), the reaction of Aznto- 
bacter in regard to P deficiency is stronger than that of plants. I can 
complete-y confirm this statement. In our experimental garden all 
plots except clay-soils need addition of phosphate to the soil plaques, 
whereas vegetation is not appreciably stimulated by phosphate ma- 
nuring. It is possible that this difference in reaction of Azotobacter 
and plant is caused by the artificial basicity, following the addition 
of CaCOs: to the soil plaques, which makes the phosphate ion less 
soluble. 

An acid reaction does not interfere with the ('wuninghamella 
method of P estimation. Here the fungus Cwnninghamella is used 
instead of Azotobacter; nitrogen is added to the culture medium 
as NHsNO3 and peptone, and the pH is kept below 7.5. After 48 to 
50 hours at 28-29° C, the diameter of the fungus colony is taken 
as a measure for the amount of P present. (See Fig. 5). MEHLIG 
FreD and TruoG (16) got very good results with this method, though 
these could not be confirmed by others. 


Fig. 5. Growth of Cunninghamella on soils with different amounts ot 
available phosphorus. Upper row: a soil treated with increasing amounts 
of soluble phosphorus. Lower row: soils untreated, containing increasing 
amounts of phosphorus (After Meuric, Frep and Truoe (16)). 


In conclusion the Aspergillus method should be mentioned, lar- 
gely used by NIKLAs ¢.S. (18) to establish a lack of P and potash, 
and used by other investigators to show a deficiency of copper and 
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magnesium in soils. This subject will amply be dealt with in publi- 
cations by the hand of Dr F.C Gerretsen and of Dr. E.G. MuLDer. 


Summary. 

A review is given of the determination of soil fertility by-micro- 
bio ogical methods. The quantitative and the qualitative methods 
for the determination of the microflora were discussed as well as 
those methods in which micro-organisms are used for ascertaining 
a particular condition or a limiting factor in the soil. More espe- 
cially the use of Azotobacter cultures for this purpose was mentioned. 
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(Aus der mikrobiologischen Abteilung an der Rijkslandbouw 
proefstation, Groningen.) 


PHOSPHAT-BESTIMMUNGEN MITTELS 
ASPERGILLUS NIGER 


von 


F. C. GERRETSEN und NORA BLUMENDAL. 
(Eingegangen am 27 Oktober 1939 ) 


1. EINLEITUNG. 

Die Bestimmung des Phosphatbediirfnisses von Ackerbéden mittels 
des Schimmelpilzes Aspergillus niger, welche von NIKLAS und s2inen 
Mitarbeitern (12) ausgearbeitet wurde, bietet noch immer gewisse 
Schwierigkeiten, welche der praktischen Anwendung dieser Methode 
im Wege stchen !). 

Ihrer Einfachkeit und Billigkeit wegen wiirde aber die Methode 
gerade zu diesem Zweck besonders geeignet sein. Deswegen haben 
wir versucht die Bedingungen fiir eine exakte Bestimmung naher zu 
prazisieren und d'e Methodik soweit wie méglich damit in Uberein- 
stimmung zu bringen. 


Der Ertrag eines lebenden Organismus ist eine komplizierte Grosse, 
we:che nicht in einfacher Weise von einem Faktor, welcher im Minimum 
anwesend ist, abhangt. 

PRINGSHEIM (15) hat schon im Jahre 1914 an der Hand von Ver- 
suchen mit Aspergillus niger darauf hingewiesen, dass die Aus- 
nitzung eines Niahrstoffes, der im Minimum vorhanden ist, 
und damit die Produktionssteigerung, von der Menge der anderen 
Nahrstoffe abhangig ist. 

Die mathematische Formulierung des Zusammenhanges zwischen 


1) Bei dieser Methode wird zu eciner bestimmten Menge Nahrflissig- 
keit, welche alle notigen Nahrstoffe enthalt, ausser Phosphorverbindungen, 
eine abgewogene Menge Boden hinzugefiigt; der Pilz entwickelt sich 
im Verhaltniss zu den im Boden anwesenden assimilierbaren Phosphor- 
verbindungen. Man bestimmt nach vier Tagen das Gewicht des Pilz- 


myzels. 
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Ertrag und Wachstumsfaktoren von MITSCHERLICH gibt auch fir 
Aspergillus niger kein genaues Bild, wie durch MEYER (7) dargelegt 
wurde. Es sind wenigstens drei Faktoren, welche einer einfachen 
mathematischen Formel im Wege stehen: erstens das Anpassungs- 
vermégen der lebenden Organismen an bestimmte ungiinstige Ver- 
haltnisse, was u.a. die Ursache dafiir ist, dass die prozentische Zu- 
sammensetzung des Trockenmaterials innerhalb gewisser Grenzen 
schwanken kann, ohne dass sich dies im Ertrag deutlich widerspiegelt. 
So geht aus dem Versuch auf Seite 91 deutlich hervor, dass das P,O,;- 
Gehalt des Myzels von Aspergillus niger bei niederigem Phosphat- 
gehalt der Nahrfliissigkeit héher ist als bei mittlerem Gehalt, wahrend 
es bei den héchsten Konzentrationen wieder zunimmt. 

Ein zweiter Faktor ist der Einfluss von Wuchsstoffen und Spuren- 
Elementen: mit der An- oder Abwesenheit von einigen Gamma dieser 
Stoffe kann sich der Ertrag sprungweise um mehrere Zehnerprozente 
andern. So war von KIESSLING (5) bei der Untersuchung verschiedener 
Béden angegeben worden, dass durch Hinzufiigung kleinerer Mengen 
Humussiaure (0,5°,,) die Myzelgewichte um 3,3—50,5%, heraufgehen 
k6nnen. Bei unseren Versuchen wurden sogar durch Hinzuttigung 
von 0,016°,, Huminsdure Mehrertrage von 9 bis 40% erhalten. 

Drittens hat man darauf zu achten, dass der Pilz in einer beschrank- 
ten Menge Nahrfltissigkeit wachst; infolge dessen ist die Zusammen- 
setzung des Mediums nicht konstant, sondern andert sich wahrend des 
Wachstums standig. Insbesondere bezieht sich dies auf die Bildung 
von Saéuren und Anderungen des pH’s, welche gerade auf die Phosphat- 
bestimmungen von grossem Einfluss sein kénnen. 

Es ist selbstverstandlich, dass die obengenannten Faktoren eine 
mathematische Interpretation der Myzelium-Ernten ausserordentlich 
erschweren, es sei denn, dass es gelingt, die Zusammensetzung der 
Nahrfltissigkeit derart zu gestalten, dass dieselbe, vorbehaltlich des 
Phosphatgehaltes, dem Schimmelpilz optimale Bedingungen darbietet. 

Auch NIKLAS c.s. hatten schon darauf hingewiesen (l.c. HONCAMP’s 
Handbuch, S. 850), dass es unbedingt nétig ist ,,dass selbst der Zusatz 
verschiedener Béden, trotz der in ihnen enthaltenen Nahr- und Reiz- 
stoffe, auf die Entwickhing und Ernte des Pilzes keinen wesentlichen 
Einfluss mehr auszuiiben vermag’’. 

Bei unseren Untersuchungen zeigte es sich aber, dass die von NIKLAS 
und Mitarbeitern zusammengestellte Nahrfliissigkeit den gestellten 
Anspriichen nicht geniigt. Von TriscHLER (18) und auch von VILs- 
MEIER (19) war schon auf die ziemlich grossen pH-Anderungen hinge - 
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wiesen worden, die wahrend des Pilzwachstums in dem Kulturmedium 
auftreten. Mit Riicksicht auf die Abhangigkeit der Phosphatldéslichkeit 
vom pH betrachtete S6DING (17) dies sogar als eine ernste Unzulang- 
lichkeit der Methode. 

Auch war von NIKLAS c.s. (13) schon selbst konstatiert worden, dass 
der Kalkgehalt des Bodens die Myzel-Ernte stark beeinflusst, nicht 
nur in Folge der Pufferwirkung, sondern auch weil Kalzium fiir den 
Pilz ein Nahrstoff ist. Deswegeu bekommt man mit kalkhaltigen 
Béden zu hohe Werte, auch wenn das CaCO, mit Zitronensdure 
neutralisiert worden ist. 

Diese Schwierigkeit wird weder von NIKLAs, noch in den darauf 
folgenden Untersuchungen von VILSMEIER (l.c. S. 285) entscheidend 
gelést; u.E. wird sogar durch den Vorschlag, auf Grund eines ausge- 
dehnten Untersuchungsmaterials empirische Werte festzustellen, die 
ganze Methode gelockert. 

Es ist also selbstverstandlich, dass unter diesen Umstadnden der 
Phosphatbestimmung mittels Aspergillus niger gewisse Fehler anhaften, 
welche der Zuverlassigkeit der Methode im Wege stehen. 

Es ist unsere Aufgabe gewesen, diese Unzulanglichkeiten so weit wie 
moglich zu beseitigen, damit bei Anwendung der Methode nicht 
nur ,in der Hand des geschulten Fachmannes noch (zahllose) an- 
dere Faktoren unbedingt beriicksichtigt werden miissen’”’ (NIKLAS 
c.s. (14) l.c. S. 66) sondern sie auch ohne weiteres bei der Bodenunter- 
suchung von einfach geschulten Laboranten ausgefiihrt werden kann. 


2. METHODIK. 

Pilzkulturen. Die Versuche wurden, angestellt mit dem von 
NIKLAS und Mitarbeitern gebrauchten Aspergillus miger-Stamm 
(POSCHENRIEDER), der uns in kollegialer Weise zur Verfiigung gestellt 
wurde, und daneben mit einem von uns in iiblicher Weise von Korin- 
then isolierten Aspergillus niger-Stamm (Groningen). Dieser zweite 
unterschied sich von dem ersten dadurch, dass er Harnstoff als Stick- 
stoffquelle gebrauchen konnte, dass er kein Pepton zum iippigen Wachs- 
tum benétigte und ein optimales pH von 3,5 hatte statt 2,5, was mit 

-Hinsicht auf die Pufferung der Lésung ein Vorteil ist, wahrend das 
-Wachstum eventueller Infektionen auch bei diesem pH durchaus zu 
vernachlassigen ist. 

Die Impfung der Kulturen geschah mit 0,5 ccm einer 6 Tage 
alten Sporensuspension; es zeigte sich, dass die Menge des Impfmate- 
rials einen wesentlichen Einfluss auf die Myzel-Ernte ausiibte, weshalb 
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es unbedingt notwendig ist bei vergleichenden Untersuchungen immer 
mit der gleichen Menge homogenen Sporenmaterials zu impfen. 

Die Sporen wurden in Erlenmeyerkolben von 300ccm mit 75 ccm 
der iiblichen Kulturfliissigkeit geztichtet, welche zu diesem Zweck 
nur 0.002% P,O, enthielt. Nach 6 Tagen bei 37°C. wurde das Myzel 


abgetrennt, wiederholt mit destilliertem Wasser gewaschen, darauf 
mit 50 ccm sterilem Wasser tiichtig geschiittelt und schliesslich durch ein 


nichrom Gaze filtriert. 
Die Kulturfliissigkeit war anfanglich dieselbe, wie die 
von NIKLAS c.s. benutzte; sie enthielt: 


% 
Saccharose 10 
Zitronensaure 1 
Pepton Ont 
(NH,),00; 0,6 
P.Oe? = (Nii, O,) 0,075 
K,0 1k.s0,) 0,02 
MgSO, 0,03 
Cu (CuSO,) 0,00015 
Zn (ZnSO,) 0,0001 
Fe (FeSO,) 0,0001 


Das pH dieses Mediums ist etwa 2,5; zur Kultur des Stammes 
Groningen wurde das pH durch Hinzufiigung von 0,2% NaOH auf 
3,5 gebracht. 

Um gentigend genaue Bestimmungen. bekommen zu k6nnen, be- 
nutzten wir zur Kultur des Filzes Erlenmeyerkolben von 300 ccm 
Inhalt, welche mit 75ccm Nahrfiiissigkeit beschickt wurden. Die 
Bestimmungen wurden in triplo oder in quadruplo ausgefiihrt. 

Zur Ernte des Myzeliums wurden piinktlich nach 96 
Stunden einige ccm Formalin 40% hinzugefiigt, und die Kulturen 
liber Nacht bei Zimmertemperatur stehen gelassen. In dieser Weise 
werden nicht nur Pilz und Sporen getétet und Infektionen verhiitet, 
sondern das Myzel wird sogleich gegerbt und es lasst sich nachdém 
leicht behandeln ohne zu zerreissen. 

Die Unterseite des Myzels wird zuerst mit Leitungswasser vorsichtig 
abgespritzt, nachher mit destilliertem Wasser iibergossen, auf ein 
gewogenes Filter gebracht und noch einige Male mit kochendem 
Wasser gewaschen. 

Das Trocknen geschieht in zwei Stadien, zuerst 14-16 Stunden 
bei 55°C., nachher noch 3 Stunden—bein105°C. 
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3. DIE ZUSAMMENSETZUNG DES KULTURMEDIUMS. 

Der Peptowz usat z. 

Im allgemeinen wird durch Peptonzusatz die Infektionsgefahr einer 
Nahrflissigkeit gesteigert; wahrend das pH von 2,5, das in den Kultu- 
ren von NIKLAS c.s. besteht, Infektionen auf ein Minimum beschrankt, 
ist bei dem pH von 3,5, das wir bei unseren Versuchen vorziehen, die 
Infektionsgefahr bei Anwesenheit einer so leicht angreifbaren Stick- 
stoffquelle nicht zu vernachlassigen. Auch spielt bei Massenunter- 
suchungen der ziemlich hohe Preis des Peptons eine wesentliche 
Rolle. 

Aus diesen Griinden war es ein Vorteil, dass unser Aspergillus-Stamm 
Groningen sich ohne Pepton normal entwickelt. Er wird sogar durch 
Hinzufiigung von 0,1°% Pepton deutlich gehemmt (Tabelle 1). 


Tabelle I. 


Hemmung von Asfergillus niger (Groningen) durch 0,1°% Pepton 


P;O,-Gehalt Myzelgewicht in g') 
in % mit Pepton | ohne Pepton 
0,0 0,007 0,009 
0,001 0,089 0,143 
0,002 0,234 0,303 
0,004 0,501 0,644 
0,006 0,657 0,840 
0,008 0,809 1,018 
0,010 0,987 1,338 


1) Kulturzeit 6 Tage bei 37° C. Mittel von vier Parallelbestimmungen. 


Wir sehen also, dass bei allen Konzentrationen das Myzelgewicht 
ohne Pepton bedeutend héher ist als dasjenige mit Pepton; deshalb 
wurde bei den Versuchen mit unserem Asfergillus-Stamme Groningen 
das Pepton fortgelassen. 

Die Mengen der Spuren-Elemente Fe, Zn, Cu und Mn. 

TRISCHLER fiigt seiner Nahrlésung folgende Mengen Spuren-Ele- 
mente hinzu: 0,00015°%% Cu, 0,0001% Fe und 0,0001% Zn, alles als 
Sulfate. Es zeigte sich, dass eine Steigerung des Eisengehalts von 
0,0001°% auf 0,0005% und eine Verdopplung des Zinkgchalts bei einem 
Gehalt von 0,006% P,O, das Myzelgewicht um 21% vergrdésserte. 
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Auch konnte ohne Schaden die Menge des Kupfers bis auf ein Drittel 
herabgesetzt werden. 

Mangan wurde von TRISCHLER nicht in seiner Kulturfliissigkeit 
gebraucht; es zeigten sich aber wahrend unserer Untersuchungen 
mit dem Stamm POoSCHENRIEDER bisweilen Wachstumsstorungen: 
das Myzel war nicht zusammengewachsen und faserig, wahrend die 
Ernte zu gering war. Diese Erscheinung wurde niemals beobachtet, 
wenn den Kulturen ein wenig Boden oder Bodenextrakt hinzugefiigt 
worden war. Auch SMITH (16) hatte derartige Schwierigkeiten mit 
scinen Aspergillus-Kulturen beobachtet und schrieb sie dem Mangan- 
mangel zu. 

In der Tat zeigte es sich, dass durch Hinzufiigung von 0,0001% Mn 
als MnSO, zur Nahrldsung TRISCHLER’s das Wachstum des Asfer- 
gillus-Stammes POSCHENRIEDER wieder normal wurde. Die Vermutung, 
dass der Mn-Gehalt des Rohrzuckers wahrend des Umkristallisierens 
unter den Grenzwert gesunken war, wurde nicht bestatigt (Tabelle II). 


Tabelle II. 


Einfluss von Mn auf Aspergillus niger (Stamm POSCHENRIEDER). 


P,O,-Gehalt Myzelgewicht in g ') 
in % | Ohne Mn | mit 0,0001% M 
| 
0,01 Handelszucker 1,24 1,85 
0,01 x umkrist. 1,19 1,81 


1) Kulturzeit 4 Tage bei 37°C. 


4. DIE FAKTOREN, WELCHE DIE pH-ANDERUNGEN DES 
KULTURMEDIUMS BEDINGEN. 

Wegen des entscheidenden Einflusses des pH’s auf die Léslich- 
keit der Phosphate ist es unbedingt nétig, dass das pH des Kultur- 
mediums am Anfang und am Ende des Versuchs so weit wie méglich 
gleich bleibt. 

Von den Faktoren, welche die pH-Anderungen bedingen, nennen 

wir: 
I. Die Stickstoffquelle, icc. Ammoniumsulfat; je besser der Pilz 
wachst und je mehr Ammoniumstickstoff er assimiliert, um so mehr 
H,SO, bleibt zuriick. Dies ist allerdings die wichtigste Ursache des 
Sauerwerdens des Kulturmediums. 
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II. Dasselbe trifft zu fiir die Sulfate von K, Mg und Ca, sei es auch 
in minderem Masse. 
III. Die vom Schimmelpilz aus dem Zucker gebildeten organischen 
Sauren wie Zitronen-, Oxal- und Gluconsdure. 
IV. Die Pufferkapazitat des Kulturmediums; diese resultiert aus der- 
jenigen der Kulturfliissigkeit an sich und der des zugefiigten Bodens. 
Die Pufferung der Nahrfliissigkeit ist nur gering; diejenige des Bodens 
ist hauptsachlich abhangig vom Humusgehalt, vom Gehalt an kolloi- 
dalen Teilchen und an CaCO,. Weil bei den Versuchen das im Boden 
vorhandene CaCO, mit Zitronensdure neutralisiert wird, hat man mit 
der Pufferwirkung des Kalziumzitrats zu tun. Es ist deutlich, dass es 
einen grossen Unterschied macht, ob man mit einem humusarmen 
Sandboden oder mit einem reichlich mit CaCO, versehenen, schweren 
Lehmboden zu tun hat. Die Pufferwirkung des Kulturmediums ist 
also ein recht komplizierter und ungewisser Faktor. 
V. Die Menge des im zugefiigten Boden vorhandenen Phosphats; je 
mehr Phosphat dem Pilz zur Verfiigung steht, um so besser wachst 
er und um so starker kommen die unter I—III genannten Faktoren 
zum Ausdruck. Im entgegengesetzten Sinne wirkt aber die zuneh- 
mende Menge der gebildeten Saure, welche die Myzelbildung hemmt. 
Aus den angefiihrten Griinden wird es deutlich, dass das resultierende 
Myzelgewicht keinenfalls vom Phosphatgehalt des Bodens allein 
abhangig ist. Dass das End-pH in engster Beziehung zu der Menge 
des assimilierten Phosphats steht, geht deutlich aus den folgenden, 
den Arbeiten von NIKLAS, POSCHENRIEDER und TRISCHLER entnomme- 
nen Zahlen hervor (Tabelle III). 


Tabelle III. 
nach NIKLAS, POSCHENRIEDER und TRISCHLER (12). 


End-pH nach 4 Tagen 


Nahrlosung, ungeimpft : 2,9 
mit 0,0025% P.O; 1,99 
mit 0,005 % P.O; 1,69 
mit 0,0075% P.O; 1,45 
mit 0,010 % P.O; 1,38 
mit 0,050 % P.Os 29 


Durch Hinzufiigen von Béden steigt tiberdies das Anfangs-pH 
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bisweilen von 2,5 bis 3,0—3,5, wodurch das pH-Trajekt noch erweitert 
wird. Andererseits ist es zu erwarten, dass die Phosphatmengen, welche 
aus den Bodden in Lésung gehen, in hohem Masse vom pH abhangig 
sind. Dies geht deutlich aus den folgenden chemischen Bestimmungen 
derselben Untersucher hervor (Tabelle IV). 


Tabelle IV. 
nach NIKLAS, VILSMEIER und Kout (14). 


Muster Boden extrahiert mit | Boden extrahiert mit Aeneid 

Nr. des 0,25% Zitronensaure; | 4,0% Zitronenséure; | He 

Bodens | pH 2,54 pH 1:92 fs 
25 4,28 mg P,O, in 100g 6,87 mg P,O,in 100g. ——- 56,7 

Boden Boden 

16 Oni, F sy WL37 *: s | 68,0 
7 8,78 - ie Loy Zi % - Sphe2 
15 21,9 3 4 29,6 E | Som 
4 1 AS, 2 Fi of HAS) e 367;0 
Wye 70,0 - . 138,4 f of Wie Ti 


Auch die P,O;-Bestimmungen mittels Aspergillus bei verschicdenem 
Anfangs-pH in Boden geben Werte, welche sehr weit auseinander liegen 
(Tabelle V). 

Tabelle V. 
nach NIKLAS, VILSMEIER und KOHL (14). 


| Myzelgewicht in g nach 5 Tagen 


Bodeq ha | Anfangs-pH Anfanys-pH  Anfangs-pH 
| 


2:73 | 2,25 2,03 

25 0,678 0,846 | 1,120 

7 0,561 1,105 2,012 

15 1,644 Pat ees mney 

4 0,901 Oe es Ce KS) 
2357 |i. 2iei8 3,082 4,066 ') 


2) ides oo: 


Trotzdem also aus dem von NIKLAS c.s. selbst erhaltenen Material 
deutlich hervorgeht, welchen grossen Einfluss das pH auf die Menge 
Phosphorsdure hat, die man entweder chemisch oder mikrobiologisch 
bestimmt, haben diese Untersucher leider dieser Tatsache keine weitere 
Aufmerksamkeit geschenkt. Sie schreiben dariiber: ,,Um die Methode 
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nicht unnétig zu komplizieren, lasst man am besten den Anspruch 
auf gleiche End-pH fallen.’ (11). 

Dies kommt darauf hinaus, dass man den Phosphatgehalt ver- 
schiedener Béden bei ganz verschiedenen pH bestimmt; wie aus den 
Tabellen hervorgeht, kénnen bei einer pH-Differenz von weniger als 1, 
die Werte um mehr als 300%, differieren (Tabelle IV und V, Nr. 4). 

Dass man auf diesem Wege vergleichbare Resultate bekommen 
kénnte, ist nicht zu erwarten: dazu wire es unbedingt notig, die 
pH-Anderungen in enge Grenzen zuriickzudrangen. 


DPUrerintiuss der Sticks toifquelle auf die 

pH-Anderungen. 

Die wichtigste Anforderung, welche an die Stickstoffquelle, ausser 
gutcr Assimilierbarkeit, zu stellen ist, ist die Abwesenheit eines an- 
organischen Saurerestes. Es ist der SO,”-Teil des Ammoniumsulfats, 
der fiir die pH-Abnahme an erster Stelle verantwortlich ist. 

Es lag auf der Hand, das (NH,),SO, durch NH,NO, zu ersetzen, das 
im Allgemeinen als eine physiologisch neutrale Verbindung betrachtet 
wird. Nach den Untersuchungen von SCHLOESING, BUTKEWITSCH, 
NIKITINSKY u.a. praeferiert aber Aspergillus niger den Ammonium-Teil 
dieses Molekiils und von BRENNER (3) wurde sogar gezeigt, dass das 
Kulturmedium in Folge des Freiwerdens der Salpetersdure stark sauer 
wird. Vom zugefiigten Ammoniumnitrat wurde fast 90°, des darin 
anwesenden Ammoniakstickstoffs assimiliert, wahrend 80°, des Nitrat- 
stickstoffs als freie Salpetersdure in der Fliissigkeit nachweisbar 
war. Diese Verbindung ist also fiir unserem Zweck unbrauchbar. 

Organische Saurereste sind in dieser Hinsicht weniger zu firchten; 
hier aber kann die undissozierte Saure eine ausgesprochene Giftwirkung 
ausuben. 

Die ersten Versuche wurden mit Aspergillus niger, Stamm POSCHEN- 
RIEDER, angestellt; die Nahrlésung war dieselbe, die von NIKLAS C.s. 
benutzt wurde und deren Zusammensetzung auf Seite 74 angegeben 
wurde. Nur die Stickstoffquelle wurde geandert und durch die folgenden 
Verbindungen ersetzt in einer Menge im Liter, die dem N-Gehalt 
einer 0,6°,,-igen Ammoniumsulfat-Lésung equivalent war: 

I. 6g Ammoniumsulfat 
II. Ammoniumzitrat (Lésung) 
III. 12g Ammoniumazetat 
IV. 9,5g Ammoniumlaktat 
V. 6g Asparagin 
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VI. 3g Harnstoff 
VII. 3g Ammoniumsulfat + 1,5 g Harnstoff 
VIII. Ammoniumzitrat + 1,5 g Harnstoff 
IX. 2g Ammoniumsulfat + 4g Asparagin 
X. Ammoniumzitrat + 4g Asparagin. 


Das Ammoniumzitrat wurde hergestellt, indem 500 ccm 2,15n Zitro- 
nensdure mit 500ccm 2,15n Ammoniaklosung neutralisiert wurde; 
zu 1 Liter Nahrfliissigkeit wurde 90 ccm dieser Ammoniumzitratlosung 
hinzugefiigt. Das pH dieser Lésung war 4,5; um einen Vergleich mit der 
Originalnahrlésung zu erleichtern, wurde das pH durch Hinzufiigung 
von 15g Zitronensdure pro Liter auf etwa 3,2 gebracht. Dasselbe ge- 
schah mit Lésung III. 


In Tabelle VI sind die Resultate dieser Versuche bei verschiedenen 
P,O;-Konzentrationen zusammengestellt. 

Aus den Zahlen der Myzelgewichte ist ersichtlich, dass Ammonium- 
sulfat und -Zitrat als N-Quelle gleichwertig sind; Azetat und Laktat 
hingegen sind véllig unbrauchbar. Dies wird offenbar durch die Gift- 
wirkung der undissozierten Sauren verursacht, denn durch Hinzu- 
fiigung von Essig- oder Milchsdure zu Lésung I wird die Entwicklung 
des Myzels fast vollig gehemmt. 

Asparagin zeigte sich als ziemlich brauchbar, wahrend Harnstoff, 
besonders bei Anwesenheit von mehr P,O;, zuriickbleibt. Von den 
Mischungen VII—xX bleiben auch diejenige mit Harnstoff hinter 
den anderen zuriick. . 

Was die pH-Anderungen anbelangt, sehen wir, dass merkwiirdiger- 
weise zwischen Ammoniumsulfat und -Zitrat nur wenig Unterschied 
besteht; bei 0,01°% P,O, betrugen die Anderungen resp. —0,97 und 
—0,87. 

Asparagin und Harnstoff unterscheiden sich von den anderen 
N-Quellen dadurch, dass das pH nicht abnimmt, sondern steigt, am 
meisten bei’ Harnstoff mit sogar + 0,72 pH (0,002% P,O;). Dies ist 
gewiss eine Folge der enzymatischen Spaltung dieser beiden Ver- 
bindungen, wobei Ammoniak ins Freie gesetzt wird. 

Deswegen sehen wir auch, dass die pH-Anderungen in den Mi- 
schungen, die Harnstoff oder Asparagin enthalten, geringer sind als 
in denjenigen ohne diese Verbindungen. 

Obwohl wir also mit diesem Aspergillus-Stamm einige wertvolle 
Hinweise erhielten, war das Wachstum mit der Originalnahrlosung 
NIKLAS’ am besten und keine dieser Lésungen entsprach der For- 
derung, dass ein maximales Wachstum bei gleichem Anfangs- und 


Phosphat-Bestimmungen mittels Aspergillus niger. 


Tabelle VI. 


Der Einfluss der Stickstoffquelle auf Myzelertrag und pH 


(Aspergillus niger Stamm POSCHENRIEDER). 


sre eee eee 


0,002% P,O, 


| 
| 


0,006% P,O, 


N-Quelle Myz. | An- End- Myz.| An- Rad: 
Gew. | fangs- Gew. |fangs- H 
in g?) pH | in g1)} pH P 

I. Ammoniumsulfat OPS Merc OMe Oem alcOie 2°29) Ile SG 
Il. Ammoniumzitrat OSS amie! sae oleieO 9 Sal oalialaZ. OS 
III. Ammoniumazetat CHOOT 50 -— OF008 23550 = 
IV. Ammoniumlaktat 0:00) 1 73;50 — 0,00 — = 

V. Asparagin O24 EZ 39 2-51 = — = 
VI. Harnstoff OZ 219 42,94 
VII. Ammoniumsulfat + 

Harnstoff OFlGm Zea Te Re2 Sor i Os68-1e 2459 | e232 
VIII. Ammoniumzitrat + 
Harnstoff OLSeEos4oe oto On7 4 3,47 Ne109 
IX. Ammoniumsulfat + 
Asparagin | 0532.) 255 | 2/425) 074 | -2°53 1) 2°37 
X. Ammoniumzitrat + OSOS. 18 | 2976 | OrS4 3:18. | 263 
Asparagin 
0/0082, 2:0; 001027 P.O 
N-Quelle Myz.| An- Pad. Myz.| An- Rad 
Gew. | fangs- H Gew. | fangs- eH 
in g')| pH P in g')| pH 

I. Ammoniumsulfat — _ a 1,37 De Oe ele 
II. Ammoniumzitrat — — Ae OAly, We2soO. 
Ill. Ammoniumazetat 0.001350 — — —- — 
IV. Ammoniumlaktat O00 e3.50 — 

V. Asparagin DF ae We 0 ye a == 
VI. Harnstoff 0,86.) 219 4) 2.83 — — — 
VII. Ammoniumsulfat + 

Harnstoff — — — Le O M2435" 212 
VIII. Ammoniumzitrat + 
Harnstoff — — — 1D oleeie| Herein amiehnt 
IX. Ammoniumsulfat + 
Asparagin — — — ilalAelaeaisych |) Parole 
X. Ammoniumzitrat + 
Asparagin — — — Anil Shilisy all Awe 
') Kulturzeit 4 Tage bei 37°C. Mittel von drei Parallelbestimmungen, 
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End-pH erreicht wurde. Es wurde deshalb eine zweite Versuchsreihe 
mit dem Asfergillus-Stamm Groningen angestellt. Die Kulturflussig- 
keit enthielt: 


% 
Saccharose 10 
Zitronensaure 1 
KEOe Ti Ko5e,) 0,02 
MgsO, 0,03 
Cu (CuSO,) 0,00005 
Zn (ZnSO,) 0,0002 
Fe (FeSO,) 0,0005 
Mn (MnSO,) 0,0001 
NaOH OZ 
P.O; (NH,H,PO,) 


in steigenden Mengen. 


Die folgenden N-Verbindungen wurden pro Liter hinzugefiigt : 


4g Harnstoff 


. 4g Harnstoff + 1g Asparagin 
. 6g Asparagin 
. 6g Ammoniumsulfat. 


Die Ergebnisse sind in Tabelle VII vereint worden. 


(Aspergillus mger Stamm Groningen). 


Tabelle VII. 
Der Einfluss der Stickstoffquelle auf Myzelertrag und pH 


0;002°%-P.0, = | 0,006% P,O, 0,010% P,O, 
N-Quelle : = m | @ He | 8 ; 
= Oh on ! a 
S op &b ia C op ig 5 a0 Sb me 
Sg} Se Sep ea be | 2. WiGieeben ive 
Ree eis > 4 Si = > 
So pe) Ne ee a ees ee 
I. Harnstoff 0,39} 3,41) 2,89) 1,07} 3,43] 3,00) 1,42) 3,41] 2,65 
II. Harnstoff + 
Asparagin OAZIE 3562173, 05) 0/97 73,62) 3,02) 91,235 3,045 Zara, 
III. Asparagin OF39) 3559] 2/86) 1,02) 3,61) 2.721) 1,50) 3,61)22,43 
IV. Ammonium- 
sulfat | 0,40} 3,57] 2,88 1,17] 3,62) 2,24] 1,58) 3,62) 1,84 


Kulturzeit 4 Tage bei 37°C. Mittel von drei Parallelbestimmungen. 
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Es zeigt sich, dass der Pilz sich mit Harnstoff sehr gut entwickelt 
hat; im Gegensatz zum Stamm PoscHENRIEDER nimmt hier das 
pH auch in den Kulturen mit Harnstoff ab. Diese Abnahme ist aber 
mit Ammoniumsulfat viel grésser, bei 0,01°% P,O, sogar 1,78, gegen 
0,76 mit Harnstoff. Die Mischungen von Harnstoff mit Asparagin 
nehmen eine Zwischenstellung ein, so dass fiir unseren Zweck das 
teuere Asparagin fortgelassen werden kann. 

Es ist anzunehmen, dass die pH-Abnahme in Gegenwart von Harn- 
stoff zum gréssten Teil verursacht wird durch die Bildung von orga- 
nischen Sauren, wahrend nebenbei das SO vom K,SO, und MgSO, 
daran beteiligt sein wird. 

Da Harnstoff durch die vom Pilz ausgeschiedene Urease in Ammo- 
niak und Kohlensdure gespalten wird, ist es denkbar, dass bei Ver- 
grosserung der Harnstoffmenge in der Nahrfliissigkeit soviel Ammoniak 
ins Freie gesetzt wird, dass die gebildeten Sauren neutralisiert werden und 
das pH wahrend des Wachstums besser konstant gehalten werden kann. 

Deshalb wurde ein Versuch angestellt, wobei zu der genannten 
Nahrlésung als N-Quelle 4, 5, 6 und 8g Harnstoff pro Liter zugesetzt 
wurde (Tabelle VIII). 


Tabelle VIII. 
Der Einfluss von Harnstoff auf Myzelertrag und pH 
(Aspergillus niger Stamm Groningen). 


0,006% P.O; | 0,010% P.O; 
N-Quelle Myz. | An- End- Myz. An- End- 
Gew. fangs- Gew. fangs- 
: pH : : pH 
in g*) pH in g *) pH 
4 g Harnstoff 0,98. i 3,52 3,05 1951 3,48 2,84 
5 g Harnstoff Ooms 1,02 3,15 1,38 3,58 2,91 
6g Harnstoff OpF Sl 53,50 3,21 1,35 3,48 3,03 
8 g Harnstoff 0,88 | 3,48 3,22 zal 3,47 SylZ 


1) Kulturzeit 4 Tage bei 37°C. Mittel von drei Parallelbestimmungen. 


Das Myzelgewicht nimmt bei Anwesenheit von mehr Harnstoff ab, 
bei 0.01% P,O; sogar um etwa 20%; die pH-Abnahme betragt bei 8 g 
Harnstoff nur noch 0,26 und 0,35, was weniger ist, als infolge des 
geringeren Wachstums zu erwarten war. Weil die N ahrlosung aber nicht. 
mehr optimal war, wurde bei den folgenden Untersuchungen nur 0,4% 


Harnstoff hinzugefiigt. 
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Dass hier im Gegensatz zu den mit Stamm POSCHENRIEDER erhaltenen 
Resultaten das pH der Fliissigkeit nicht in alkalischer Richtung 
verschoben wurde, ist vielleicht auf spezifische Unterschiede im 
Ureasegehalt der beiden Stamme zuriickzufihren. 

In wieweit die restierenden pH-Anderungen vom SOj-Teil des Ka- 
lium- und Magnesiumsulfats herriihrten, wurde untersucht, indem 
diese Salze durch Zitrate ersetzt wurden. 

Das Wachstum war bis einer Konzentration von 0,002% P.O; 
normal, bei héherem Phosphatgehalt aber blieb die Entwicklung 
zuriick, was wahrscheinlich auf Mangel an Schwefel zuriickzufiihren 
war. Es wurden deshalb einige verschiedene Schwefelverbindungen 
untersucht, namlich Natriumthiosulfat, Thioharnstoff, Kalziumsulfat 
und Schwefel (Tabelle IX). 


Tabelle IX. 
Einfluss der Schwefelquelle auf die pH-Anderungen 
(Aspergillus niger Stamm Groningen). 


ep des Anfangs- 
PEO eink, S-Verbindung gewicht H End-pH 
in g*) y 
0,01 Ohne S 0,36 3,67 3,43 
0,01 Oe INEIASHOs 0,33 4,63 3,99 
0,01 0,2% Na,S.O; 0,22 4,81 4,52 
0,01 0,1% CS(NH,). 1,07 3,86 3,18 
0,01 0,1% CaSO, 1,49 3,69 3,10 
0,01 0,5% CaSO, 1,72 3,64 2,76 
0,01 005°. 55" 0,79 3,67 3,60 
Normale Lésung 
mit K,SO, und MgSO, 1,42 3,41 2,65 


1) Kulturzeit 4 Tage. Mittel von 3 Parallelbestimmungen. 


Das Na,S,O3 scheidet sofort aus, so dass es als S-Quelle unbrauchbar 
ist. Der S von Thioharnstoff hingegen ist ziemlich gut assimilierbar, 
obwohl die Entwicklung des Pilzes hinter derjenigen mit K,SO, 
und MgSO, zuriickbleibt. Auch Schwefel an sich wird vom Pilz assimi- 
liert, doch nicht dermassen, dass das Myzel normal zur Entwicklung 
kommen konnte. 

Das Verhaiten des CaSO, ist bemerkenswert; mit 0,1°% ist das 
Myzelgewicht demjenigen mit K,SO, und MgSO, gleich, die pH- 
Anderung ist kleiner. Vergréssert man aber die Menge bis auf 0,5%, 
so steigt das Myzelgewicht bis zu 1,72, das pH sinkt aber von 3,64 


Phosphat-Bestimmungen mittels Aspergillus niger. 85 


bis auf 2,76. Es ist klar, dass der Pilz aus dem CaSO, nicht nur S auf- 
genommen hat, sondern auch Ca-Ionen assimiliert hat. 

Das CaSO, bietet also als S-Quelle keine besondere Vorteile vor 
K,SO, und MgSO,, weshalb diese letzten Salze definitif in die Nahr- 
l6sung aufgenommen wurden. Es war aber notig, die Wirkung des 
Kalziums naher zu untersuchen. 


5. DER EINFLUSS VON KALZIUM-VERBINDUNGEN AUF 
DIE ENTWICKLUNG VON ASPERGILLUS NIGER. 

Schon im Jahre 1891 hatte WEHMER (20) darauf hingewiesen dass 
Ca-Ionen einen deutlich merkbaren Einfluss auf das Wachstum von 
Aspergillus niger ausiiben. BUROMSKY (4), BENECKE (2) und MoLiscH(8) 
schreiben dem Kalzium, besonders in Gegenwart von Mg, einen giin- 
stigen Einfluss auf die Myzelbildung zu. 

TRISCHLER (18) fand, dass durch Hinzufiigung von Ca-Verbindungen 
das pH der Lésung sich wahrend des Wachstums des Pilzes in alkali- 
scher Richtung anderte. Auch von NIKLAS und Mitarbeitern (13) 
ist die Frage naher untersucht worden; sie halten es fiir notwendig, 
bei den Kaliumbestimmungen in kalkhaltigen Boden die Menge des 
darin anwesenden Kalziums zu beriicksichtigen. In welcher Weise 
dies geschehen muss, wird aber nicht angegeben. 

Wir haben iiber den Einfluss verschiedener Kalziumverbindungen 
auf die Entwicklung des Pilzes einige Versuche angestellt. Zur Nahr- 
lédsung I auf Seite 93, welche als N-Quelle 0,6% Ammoniumsulfat 
enthielt, wurde bei verschiedenen P,O,-Konzentrationen steigende 
Mengen CaCO, hinzugefiigt (Tabelle X). 

Bei einer Menge von 0,75 g CaCO, pro Gefiass hat sich in keinem 
Falle Myzelium gebildet; mit 0,50 g CaCO, entwickelt sich nur bei der 
héchsten P,O;-Konzentration ein kraftiges Myzel, welches jedoch 
hinter demjenigen mit 0,25 g CaCO, zuriickblieb. Dass es sich bloss 
um das pH handelte, war nicht wahrscheinlich, denn Nr. 3 mit einem 
Anfangs-pH von 6,13 hat kein Myzel gebildet, wahrend Nr. 11 mit einem 
Anfangs-pH von 7,62 ein iippiges Wachstum zeigte. 

Eine Menge von 0,50 g CaCO, in den 7,5 g Boden, welche zur Un- 
tersuchung gelangen, stimmt iiberein mit einem Gehalt von etwa 
6,7% CaCO;, was in der Praxis gar keine Ausnahme ist. Es ist also 
unumgianglich, das im Boden anwesende CaCO, zu neutralisieren, 
wie auch von NIKLAS angegeben worden ist; am Besten ist dazu die 


Zitronensdure geeignet. 
Zur weiteren Untersuchung iiber die Rolle des Kalziums wurde 
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Tabelle X. 


Der Einfluss steigender Mengen CaCO, auf Myzelgewicht und pH 
(Aspergillus niger Stamm Groningen). 


ee SS 


: | Myzelge- 
P.O ;n% CaCO, ing | Anfangs-pH End-pH wicheine™ 
0,002 0,0 3,03 2,95 O38) 
0,25 4,62 3,15 0,33 
0,50 6,13 6,52 0,00 
0,75 7,26 8,40 0,00 
0 006 0,0 3,58 2,64 103 
0,25 4,68 S22 0,92 
0,50 a 7,80 0,00 
0,75 7,76 8,20 0,00 
0,010 0,00 3,03 1,65 1,66 
0,25 4,72 2,68 1,88 
0,50 1562 Crug 1,65 
0,75 7,60 7,45 0,00 


1) Kulturzeit 4 Tage bei 37°C. Mittel von 3 Parallelbestimmungen. 


Kalziumsulfat und -Zitrat herangezogen. Bei Hinzufiigung vom 
Zitrat zur sauren Nahrlésung TRISCHLER’s steigt das pH von 2,5 bis 
etwa 3,4 wodurch NaOH-Zusatz unnotig wird. Aus der Tabelle XI 
ist ersichtlich, dass in allen Fallen Zusatz der Kalziumverbindungen 
eine deutliche Vermehrung der Myzelgewichte verursacht hat. 


Tabelle XI. 


Der Einfluss von CaSO, und Ca-Zitrat auf Myzelgewicht und pH 
(Aspergillus niger Stamm Groningen). 


: f Myzelge- 
Ca-Verbindung Anfangs-pH| End-pH iene onee) 
Kontrolle, ohne Zusatz | 3,49 1,85 1,56 
0,4 g CaSO, 3,45 1,80 1,85 
1e25es (CasO, 3,54 1,94 1,97 
0,4 g Ca-Zitrat yee 1,98 1,89 
1,25 g Ca-Zitrat 3,38 2,84 2,02 


1) Kulturzeit 4 Tage bei 37°C. Nahrldsung TRISCHLER mit 0,01% P,O,. 


Bemerkenswert ist, dass obwohl mit 1,25 g Zitrat das Myzelgewicht 
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am grossten ist, das pH sich am wenigsten geandert hat; es tritt hier 
die Pufferwirkung des Kalziumzitrats in den Vordergrund, weshalb es 
dem Sulfat vorzuziehen ist. 

Die obige Nahrlésung war diejenige TRISCHLER’s mit Ammonium- 
sulfat als Stickstoffquelle; es war die Frage, wie gross die pH-Ande- 
rungen sein wiirden in der geadnderten Nahrlésung II (S. 93) mit 
Harnstoff als N-Quelle (Tabelle XII). 


Tabelle NII. 
Der Einfluss von Ca-Zitrat in Nahrlosung II mit Harnstoff und 0,01°% 
P,O, auf Myzelgewicht und pH (Aspergillus niger Stamm Groningen). 


Myzelge- 


Ca-Zitrat pro Gefass in g | Anfangs-pH End-pH wichenee) 


OL75 3,40 3,19 deal 
ies: 3,49 SA 2,07 
1,50 3,49 Srl2 ale 
Ohne Zusatz 3,48 2,84 1,54 


1) Kulturzeit 4 Tage bei 37°C. Mittel von 3 Parallelbestimmungen. 


Auch hier eine stetige Steigung des Myzelgewichts bei zunehmendem 
Ca-Gehalt; die pH-Anderung ist jetzt bis 0,37 zuriickgebracht, gegen 
0,64 ohne Kalziumzitrat-Zusatz und 1,78 in der Originalnahrlésung 
TRISCHLER’s. Da auch bei hdherem P,O;-Gehalt Vermehrung des 
Zitrats iiber 1,25 g hinaus weder Myzelgewicht noch pH weiter beein- 
flusste, wurde beschlossen, bei den P,O;-Bestimmungen im Boden 
1,25g Kalziumzitrat pro Erlenmeyer hinzuzufiigen. 

Aus dem Obigen ist es klar geworden, dass der wechselnde Gehalt 
an CaCO, der zu untersuchenden Béden trotz der Neutralisierung mit 
Zitronensdure, das Wachstum des Pilzes auf wenigstens zwei Weisen 
beeinflussen kann, namlich durch den N&ahrwert des Kalziums und 
durch die Pufferwirkung des gebildeten Kalziumzitrats. Es kénnen 
dadurch Fehler von mehr als 40°, entstehen, denen durch die oben 
beschriebenen Anderungen des Substrats vorgebeugt werden kénnen. 


6. DER EINFLUSS DES WUCHSSTOFFS RHIZOPIN UND 
VON HUMUSSAURE AUF DAS WACHSTUM VON ASPER- 
GILLUS NIGER. 

NIELSEN (9) spater auch zusammen mit HarTeE.tus (10), hat ge- 

zeigt, dass ein von ihm aus dem Pilz Rhizopus suinus isolierter Wuchs- 
stoff, das Rhizopin, das Wachstum des Aspergillus niger stimuliert. 
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KIESSLING (6) konstatierte, dass Humuszusatz das Wachstum von 
Aspergillus niger forderte. Mit Rticksicht auf den stimulierenden 
Einfluss, den bisweilen das Beimischen von nur einigen Grammen 
Bodens auf die Entwicklung verschiedener Mikroorganismen ausiibt, 
war es nicht ausgeschlossen, dass auch im Boden derartige Stoffe 
bisweilen vorkommen. Wenn dies der Fall ware, so wiirde durch die 
An- oder Abwesenheit dieser Stoffe das Myzelgewicht mitbestimmt 
werden, was einer zuverlassigen Deutung der Phosphatbestimmungen 
im Wege stehen wiirde. Es war daher nicht ohne Bedeutung, tiber das 
Verhalten des Pilzes zu den fraglichen Stoffen orientiert zu sein. 


Die Rhizopinldsung wurde nach der Vorschrift NIELSEN’s bereitet: 
Rhizopus suinus wurde auf einer Nahrlosung geztichtet, die pro Liter 
enthielt 10g Ammoniumtartrat, 10g Glukose, 0,5 g KH.PO,, 0,03 g 
MgSO, und die Mikroelemente Fe, Cu und Mn. Von dieser Lésung 
wurde 200ccm in einen Liter-Erlenmeyerkolben gefiillt, sterilisiert 
und mit Rhizopus suinus geimpft. Nach 5 Tagen bei 37°C. wurde die 
Losung filtriert, 15 Min. bei $ Atm. sterilisiert und zur weiteren Unter- 
suchung verwendet. Weder die mittels Alkohol-prazipitation gereinigte 
Lésung, noch der Aether-Extrakt itibten eine forderende Wirkung auf 
das Wachstum von Aspergillus niger aus. Nur die urspriingliche wAsserige 
Losung wirkte stimulierend. 


Zur Untersuchung wurden steigende Mengen dieser Rhizopin-lésung 
zu 75 ccm Nahrléosung I mit 0,008% P,O,; neutralisiert mit NaOH 
hinzugefiigt (Tabelle XIII). 


Tabelle XIII. 
Der Einfluss von Rhizopin auf Myzelgewicht 
(Aspergillus niger Stamm Groningen). 


Menge der Rhizopin-Lésung | Myzelgewicht in g ') 


= 


) 1,09 
f-ce BA) 
ONCC ies | 
10 cc 1}25 


‘) Kulturzeit 3 Tage bei 37°C. Mittel von 3 Parallelbestimmungen. 


Die Analyse der Rhizopin-Lésung ergab, dass sie 0,015g P,O, 
pro 100 ccm enthielt; durch die Hinzufiigung van 1 ccm Rhizopin- 
Lésung zu 75 ccm Nahrfliissigkeit wird der Phosphatgehalt also um 
0,0002% gesteigert und auf 0,0082 gebracht. Die Myzelgewichts- 
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zunahme infolge dieser erhéhten Phosphatkonzentration betragt 
maximal 0,05 g. Mit 1 ccm Rhizopin-Lésung war aber eine Myzel- 
gewichtszunahme von 0,14 g erreicht worden, was also auf eine fér- 
derende Wirkung hinweist. 

Bei einem zweiten Versuch wurde die Wirkung des Rhizopins mit 
derjenigen einer kleinen Menge Humussaure verglichen. Gebraucht 
wurde Humussaure Merck, aus Zucker bereitet und eine selbst aus 
Torf hergestellte Humussaure, welche beide unter Zusatz von ein 
wenig NaOH gelést waren. Die Preparate waren P,O,;-frei (Tabelle XIV). 


Tabelle XIV. 
Der Einfluss von Rhizopin und Humussaure auf Myzelgewicht 
(Aspergillus niger Stamm Groningen). 


Zugefiigte Substanz | Myzelgewicht in g ') 
Nahrl6ésung II mit 0,01% P.O;, ohne Zusatz Leet 
mit 1ccm Rhizopin-Losung , 1,40 
mit 12,5 mg Humussaure (Merck) 1,25 
mit 12,5 mg Humussaure (Torf) 33 


1) Kulturzeit 3 Tage bei 37°C. Mittel von 3 Parallelbestimmungen. 


Dieser Versuch bestatigt den Einfluss des Rhizopins, wahrend 
auch die Humussdure stimulierend wirkt. Zur weiteren Orientierung 
wurde ein dritter Versuch angestellt, wobei auch die pH-Anderungen 
gemessen wurden (Tabelle XV). 


Tabelle XV. 
Der Einfluss von Rhizopin und Humussaure auf Myzelgewicht und pH 
(Aspergillus niger Stamm Groningen). 


poe Anfangs- 
Zugeftigte Substanz gewicht H End-pH 
in g’) : 
Nahrlosung II *) mit 0,01% P.O; 
ohne Zusatz [oo G7, SESE 
mit 1 ccm Rhizopin-Lésung 1,60 4,18 3,38 
mit 12,5 mg Humussaure (Merck) 1,83 4,18 3537, 
mit 12,5 mg Humussaure (Torf) | 1,91 4,18 3,40 
mit 12,5 mg Humussaure + 1 ccm 
Rhizopin-Losung 1,94 4,18 3,40 


1) Kulturzeit 4 Tage bei 37°C. Mittel von 4 Parallelbestimmungen. 
1) Irrtiimlich noch mit 0,2% NaOH neutralisiert, deswegen Anfangs- 


pH 4,18 statt 3,5. 
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Die Myzelgewichtssteigerung bei Zusatz von Humussaure tibertrifft 
diejenige des Rhizopins, wahrend bei Mischung der beiden Substanzen 
das Myzelgewicht nicht mehr zunimmt ’). 

Die Zunahme durch die Humussdure ist recht betrachtlich und be- 
tragt etwa 42°). Es besteht also die Méglichkeit, dass ein Boden, 
ausser dem zu bestimmenden Phosphat, Stoffe enthalt, die das Wachs- 
tum des Pilzes beschleunigen; dieser stérende Einfluss lasst sich 
leicht beseitigen, indem zu der Nahrlésung eine kleine Menge Humat 
zugesetzt wird. Zur weiteren Bestatigung des Obigen wurde an Boden 
von verschiedener Herkunft und Zusammensetzung eine Bestimmung 
mit und ohne Zusatz von Humussaure unternommen (Tabelle XVI). 


Tabelle XVI. 
Der Einfluss von Humussaure auf Myzelgewicht bei Anwesenheit von 
Béden verschiedener Herkunft (Aspergillus niger Stamm Groningen). 


Myzelgewicht 
in g') Mitt. Differenz 
Boden Fehler d.jd.Humus- 
Ohne | Mit | Bestimm.) zusatz 
| Humus | Humus 
| 
Leichter Lehmboden 0,42 | 0,53 | +4,8% | +26,2% 
Heide-sand 0,44 0,44 45 ) 
Dasselbe, mit Phosphat gediingt 1,14 ecg 257 — 2,7 
Lehmboden ungediingt 0,54 0,76 Bh, | +40,7 
Lehmboden 0,66 0,73 5 + 9,1 
Diinensand 0,51 OHexe: 3,9 + 4,0 
Lehm boden 1,34 ose Dhya} — 0,8 
Humoser Lehm 0,42 0,58 _| 4,8 | +38,1 


1) In Erlenmeyerkolben von 300 ccm wurde an 75 ccm N&ahrlésung II 
ohne Phosphat, 7,5 g Boden hinzugeftigt. Kulturzeit 4 Tage bei 37°C. 
Mittel von drei Parallelbestimmungen. 


Es geht aus diesem Versuch deutlich hervor, dass es in der Tat B6den 
gibt, bei denen ein Humatzusatz forderend wirkt auf das erzeugte My- 
zelgewicht. Es gibt Zunahmen von 9.1 bis 40.7°,,, die weit tiber die 
Fehlergrenze hinaus gehen. Dass es daneben Béden gibt, die nicht 
auf Humatsuzatz reagicren, war zu erwarten; derartige Béden enthal- 
ten offenbar die stimuherenden Stofie schon selbst. Die Anzahl der 


') Die Frage nach der eigentlichen Ursache der Stimulicrung durch 
Rhizopin tiberschreitet den Rahmen dieser Untersuchung, um so mehr als 
dieser Stoff durch Humat ersetzt werden konnte. 
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untersuchten Bodden ist zu klein, um naheres iiber den Zusammenhang 
zwischen Bodenart und Stimulation angeben zu k6énnen. 

Es ist jedenfalls erwiesen, dass es zu empfehlen ist, bei der Boden- 
untersuchung fiir die Praxis die Nahrfliissigkeit durch Humatzusatz 
zu komplettieren und damit eine unkontrollierbare Fehlerquelle zu 
beseitigen. 


7. WACHSTUM UND pH-ANDERUNGEN BEI STEIGENDEM 
PHOSPHATGEHALT DES KULTURMEDIUMS. 

Mit Riicksicht auf eine richtige Interpretation des Myzelgewichts 
beziiglich des Phosphatgehalts der Nahrfliissigkeit, war es erwiinscht 
zu wissen, wie sich der Phosphatgehalt des Pilzmyzels bei zunehmender 
Phosphatkonzentration 4Anderte. 

Zu diesem Zweck wurden zur Nahrlésung II steigende Mengen 
Ammoniumphosphat hinzugefiigt; das Myzel wurde nach 4 tagiger 
Kultivierung bei 37°C. geerntet, tiichtig abgespiilt, getrocknet und ge- 
wogen. Dann wurde es nach A. NEUMANN auf nassem Wege verascht 
mittels eines Gemisches von gleichen Teile konzentrierter Schwefel- 
sdure und Salpetersaure (1). In der Lésung der Asche wurde die Phos- 
phorsaure nach LoreNz als Ammoniumphosphormolybdat bestimmt 
(Tabelle XVII). 


Tabelle XVII. 


Phosphatgehalt des Myzels bei steigendem Phosphatgehalt des 
Kulturmediums (Asfergillus niger Stamm Groningen). 


P,O,-Gehalt des | Nip vekoesicitente +) P,O,;-Gehalt des 
Kulturmediums in % | >" 8 6. Myzels in % 
0,00 0,00 0,00 
0,002 0,29 Oro 
0,004 0,61 0,30 
0,006 0,95 0,28 
0,008 W527 0,28 
0,010 1,55 0,26 
0,012 1,90 0,24 
0,014 2,14 0,23 
0,016 BEE) 0,23 
0,020 2,45 0,27 
0,024 2,74 0,27 
0,026 2,78 0,30 


1) Kulturzeit 4 Tage bei 37°C. Mittel von drei Parallelbestimmungen. 
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Bemerkenswert ist, dass der Phosphatgehalt des Myzels am hoch- 
sten war bei der kleinsten P,O,-Konzentration in der Nahrfliissigkeit. 


Es ist nicht ausgeschlossen, dass dieses eigentiimliche Verhalten ver- 
ursacht wird durch die Tatsache, dass das Verhaltniss von Sporenma- 
terial zu Myzel bei den niedrigsten P,O,-Konzentrationen des Kultur- 
mediums am grdéssten ist, vorausgesetzt, dass der P,O;-Gehalt der 
Sporen grosser ist als derjenige des Myzels. 


Bx zunehmender Phosphat-Konzentration nimmt der P,O,-Gehalt 
des Myzels standig ab, um, sobald die Myzelgewichtskurve nach rechts 
umbiegt, ein Minimum zu erreichen und nachher wieder zu steigen 


(Fig. 1). 


Fig. 1. Myzelgewichte (I) und die korrespondierenden Phosphat- 
prozentsatze des Myzels (II) bei steigendem Phosphatgehalt der Nahr- 
losung. 
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Obwohl dieses Verhalten ziemlich kompliziert ist, zeigt die Kurve, 
welche das Verhaltnis zwischen P,O;-Gehalt des Kulturmediums und 
Myzelgewicht angibt, einen ziemlich regelmadssigen Verlauf. Am 
einfachsten ware es also, diese Kurve auf experimentellem Wege zu 
bestimmen und nachher bei den Phosphatbestimmungen in Béden 
den zum bestimmten Myzelgewicht gehérenden Phosphatgehalt aus 
der Kurve abzulesen. 


8. DIE ERTRAGSKURVE. 

Zu diesem Zweck wurde die Phosphat-Myzelgewichtskurve so genau 
wie méglich bestimmt; es wurde dabei der Stamm PosCHENRIEDER 
auf die tibliche Nahrl6sung TRISCHLER’s mit dem Stamme Groningen 
auf die abgeanderte Nahrlésung II verglichen. Zugleich wurden die 
korrespondierenden pH-Anderungen bestimmt. 

Die Nahrlésungen hatten die folgende Zusammensetzung : 


N&ahrlosung I Nahrlésung II 
(TRISCHLER) (Groningen) 
(etwas geandert) 
% % 

Saccharose 10 10 
Zitronensaure l l 
Pepton 0,1 
(NH,).SO, 0,6 
Harnstoff 0,4 
K.0. .{K550,) 0,02 0,02 
MgSO, 0,03 0,03 
Cu —- (CuSO,) 0,00005 0,00005 
Zn (ZnSO,) 0,0002 0,0002 
Fe (FeSO,) 0,0005 0,0005 
Mn (MnSO,) 0,0001 0,0001 
Ca-Zitrat 2h eo) 
Humussdure (als Na-Humat) 12,5 mg 3) 
pH + 2,5 + 3,5 


1) pro 75 ccm. 


Zu beiden Lésungen wurden steigende Mengen NH,H,PO, hinzu- 
gefiigt. Die Erlenmeyerkolben von 300 ccm enthielten 75 ccm Nahr- 
lésung, es wurden immer 4 Parallelbestimmungen angesetzt und 
piinktlich 96 Stunden bei 37°C. kultiviert. Das Myzel entwickelte sich 
regelmassig, das Wachstum war besonders bei den hoheren P,O;- 
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Konzentrationen iippig, alle Kulturen waren am Ende des Versuchs 
mit Sporen bedeckt (Tabelle XVIII und Fig. 2). 


Tabelle XVIII. 
Die Bestimmung der Ertragskurve bei steigendum Phosphatgehalt der 


Nahrloésung. 
ee 
Stamm Groningen Stamm POSCHENRIEDER 

P;O aes 
a o, |Myz. Gewicht eer End- |Myz. Gewicht ae End- 

in g a pH in g pH 

pH pH 

0 0:00 == 0:00)" 3.55 B.03 a0: Oona O 00 2.53 2.53 
0.001} 0.21 + 0.024) 3.55 SAE) || Oe Men se OOS.) uae! 2.53 
0.002)) 0:39 = 0:00 3.03 229 "0.33922 .05021 2.53 2.39 
0.003 | 0.58 + 0.020) 3.53 3.36 30.50 = °0:013 | 2.53 22g) 
0.004 | 0.82 + 0.046} 3.53 3:45. | 0.65) == 0:012 2:53 2.15 
0.005 | 0.96 + 0.074) 3.53 3°45" 10:75 4 0102388" 2:03 2.04 
0.006} 1.15 + 0.026} 3.53 3.45 §| 0.98 + 0.032} 2.53 1.84 
ORO OZ) le 290i 101029 3. o8 3.47 Peete 0071 2.53 1.68 
0.008] 1.52 -+.0.048 | 3.53 3.45 (3st OL0SSqiez.oS 1.58 
OF009 | 1:61 2250:088 ) 3.55 3.45 == = = 
0.010} 1.81 + 0.048} 3.53 3.45 II? se OO nel) ess! 1.58 
0.012) 2:17 = 0.016) 3.53 O29 2047230 O10 2a 1.54 
0.014} 2.31 + 0.069} 3.53 SHG e212 ae OL O2Z0N a 2t D3 1.57 
O07 | 2.66 = 0:062| 3.53 SEL OT 2239 ee 00221982. 56 1.52 
©2020) 25756==) 02069)— 3.03 3124 =a) 2751 = 0.0371 2:53 1.52 
0.025 == == — 249-0048 | 2.53 1.49 
0.030 = = — 25872. 0:093 sa 2a5 1.49 
0.040] 2.45 + 0.073| 3.53 | 4.00 — — — 


In beiden Fallen nehmen die Myzelgewichte regelmassig zu, die- 
jenige des Stammes POSCHENRIEDER bleiben etwas hinter den anderen 
zurtick. Es sei darauf hingewiesen, dass der mittlere Fehler der Be- 
stimmungen klein ist und im Allgemeinen nicht mehr als einige Pro- 
zente betragt; die Reproduzierbarkeit der Bestimmungen iibertrifft 
bei weitem diejenige der NEUBAUER-Bestimmungen und ist, wie aus 
anderen hier nicht genannten Untersuchungen hervorgeht, derjenigen 
der chemischen Bestimmungen in Béden fast’ gleichwertig. 

Bei Betrachtung der pH-Zahlen kommt der Unterschied zwischen 
dem Verhalten der beiden Nahrlésungen erst deutlich zu Tage: in der 
iiblichen Nahrlésung mit dem Stamm PoscHENRIEDER sinkt das pH 
schon bei einer Konzentration von 0,008% P,O,; um fast 1,0 auf pH 
1,58 herab; mit dem Stamm Groningen auf Nahrlésung II betragt 
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Myzel-Gewicht in g (7,5 g Boden auf 75 ccm) 


350 


3.00 


2.50 


2.00 


0 i) 100 150 200. 250 300'°° 


mg P,O;in 100g Boden 
Fig. 2. Ertragskurven bei steigenden Phosphatgehalt: 
I. Von Aspergillus niger Stamm Groningen auf Nahrlosung II. 
Il. Von Aspergillus niger Stamm POSCHENRIEDER ‘auf, Nahrlosung I. 
Die gestreichelten Kurven geben die zugehérigen pH-Anderungen an. 


die pH-Abnahme nur noch 0,08. Bis zu einer P,O,-Konzentration 
von 0,01% sind Anfangs- und End-pH praktisch gleich geblieben; 
von 0,012 bis 0,02%, P.O; tritt eine kleine Abnahme ein, welche aber 
nirgendwo mehr als 0,35 pH betragt. Dass bei 0,04% P,O; das pH bis 
auf 4,0 gestiegen ist, wird durch Ammoniakbildung verursacht, 
entweder durch die enzymatische Spaltung von Harnstoff durch die 
Urease oder durch Proteolyse des Pilzmyzels. Aufletzteres weist auch 
die Abnahme des Myzelgewichts gegeniiber dem Versuch mit 0,02% 
P,O, hin. Eine derartig hohe Konzentration kommt aber bei den Boden- 


untersuchungen fast nie vor. 
Die pH-Anderungen, die in Nahrlésung I auftreten kénnen, sind 
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bei Hinzufiigung von Béden betrachtlich grésser, weil durch die im Bo- 
den anwesenden Basen das Anfangs-pH tiber pH 3,5 hinaus steigen kann. 

Dass es auch bei der Phosphatbestimmung in Béden gelingt, mit 
Hilfe der abgednderten Nahrlésung II und mit dem Aspergillus niger 
(Stamm Groningen) die pH’s innerhalb enger Grenzen konstant zu 
halten, geht aus der Tabelle XIX deutlich hervor. Wichtig ist auch, 
dass bei den verschiedenen Béden, ungeachtet ihres Gehaltes an CaCO, 
oder anderer Basen, das Anfangs-pH praktisch dasselbe ist. 


Tabelle XIX. 


Myz 


Nr. Boden ne Gew. pe Se Diff. 
i | in g a 
1 |Heidesand, ungediingt @) 0,09 | 3,41 | 3,41 | 0,00 
2 |Dasselbe, mit 100 Kg P.O; pro 
H.A. gediingt 0) 0,21 | 3,40 | 3,40 | 0,00 
3 |Lehmboden O;14 || 0F385 15 3;624153,32' | 70530 
4 |Dasselbe, mit Superphosphat ge- 
diingt 0,14 | 0,50 | 3,62 | 3,32 | 0,30 
5 |Lehm-Grasland — 0,46" "3557-1 "3;29" | 0526 
6 |Sandiger Lehm 2,8 O61 83567453) 674) 8 O00 
7 |Lehm-Grasland (= Nr. 5) aber mit 
150 Kg P,O, pro H.A. gediingt _ 5743) {| Seok) || sickey 1) 18),26) 
8 |Alter Mohrboden, ungediingt 0) O:83SR3,43eleoAlaieOR02 
9 |Kalkhaltiger Lehmboden 4,4 1,225173,815 |93,81, [20500 
10 |Alter Molrboden (= Nr. 8) regel- 
massig Stallmisst 0 1,534] 8334581973, 295) 20506 
11 |Heidesand (= Nr. 1) mit schwerer 
Phosphatdiingung ) 1,53 | 3,41 | 3,33 | 0,08 
12 |Sand, Grasland —_ 176157937559) 3,06R NOL 19) 
13 |Kalkreicher See-Ton 10;24, |) 1529 | 3,74=| 3,74 | 50;00 
14 |Alter Mohrboden (= Nr. 8) regel- 
massig Volldiingung 0 1,83 | 3,45 | 3,29 | 0,16 
15 |Sand-Grasland (= Nr. 12) mit 150 
Kg P,O, pro H.A. gediingt — Bot | O,09 eons ae Os 42 


Die pH-Anderungen sind im allgemeinen recht unbedeutend und 
betragen im Mittel nur 0,14 pH. Es sind gerade die kalkreichsten 
Béden, welche die kleinsten pH-Anderungen aufweisen, was darauf 
hinweist, dass es vielleicht méglich ware das Kulturmedium noch 
besser zu puffern. 

Jedenfalls ist bewiesen, dass mit Hilfe unseres Aspergillus niger- 
Stammes Groningen und der von uns gednderten Nahrlésung die im 
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Anfang gestellte Aufgabe, eine optimale, gut gepufferte Nahrlésung, 
deren Ertrage vom CaCO,-Gehalt des Bodens unabhangig sind, prak- 
tisch gelést ist und deswegen der Anwendung der Methode zur Phos- 
phatbestimmung in Béden keine prinzipiellen Einwainde mehr im 
Wege stehen. 


Zusammenfassung. 


An der Bestimmung des Phosphatbediirfnisses von Ackerbéden 
mit Hilfe von Aspergillus niger haften gewisse Schwierigkeiten, welche 
der praktischen Anwendung dieser raschen und billigen Methode im 
Wege stehen. 

Infolge der wachsenden Saurebildung durch den Pilz bei steigenden 
Phosphatmengen in der Nahrldésung und ihren geringen Pufferkapazitat 
ist bei der Methode von Nikias und seinen Mitarbeitern das pH, 
bei dem die Béden extrahiert werden, nicht konstant, sondern weit- 
gehend vom Phosphatgehalt dieser Boden abhangig. 

Daneben beeinflusst der wechselnde Kalkgehalt der Béden das 
Wachstum des Pilzes auf zwei Wegen, erstens durch die Anderung der 
Pufferung des Kulturmediums und zweitens, weil Kalzium fiir den Pilz 
ein Nahrstoff ist und in der Nahrlésung in ungentigender Menge 
anwesend ist. Auch die An- oder Abwesenheit bestimmter stimulie- 
render humoser Stoffe beeinflusst die Menge des gebildeten Myzels. 

Es zeigte sich bei unseren Untersuchungen, dass man die pH- 
Anderungen betrachtlich herabsetzen kann, wenn statt 0,6°%, Ammo- 
niumsulfat, 0,4°%, Harnstoff als Stickstoffquelle gebraucht wird. 

Eine von uns isolierter Aspergillus niger-Stamm zeigte den Vorteil, 
dass er sich mit Harnstoff und ohne Pepton gut entwickelte, im Gegen- 
satz zu dem bisher gebrauchten Aspergillus niger-Stamm, der zur 
iippigen Entwicklung Ammoniumsulfat und Pepton braucht. 

Durch Hinzufiigung von Kalziumzitrat zur Nahrlésung wurde zu- 
gleich eine bessere Pufferung und eine weitgehende Unabhangigkeit 
vom Ca-Gehalt des Bodens erreicht. 

Durch Zusatz von sehr wenig Humussdure (als Na-Humat) wurde 
eine Quelle von Unregelmassigkeiten beseitigt; in einigen Fallen 
wurde dadurch 9 bis 40°, mehr Myzel gebildet, in anderen Fallen 
hatte Humatzusatz gar keinen Einfluss. 

Durch diesen Massnahmen wurden die pH-Anderungen von maximal 
1,8 pH bis auf 0,37 zuriickgedrangt. Bei der Untersuchung eine! 
Anzahl Béden von verschiedener Herkunft betrugen die pH-Anderun- 
gen im Mittel nur noch 0,14 pH. 
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1. INTRODUCTION. 

The fact that micro-organisms may be used in determining the 
amount of plant food in soils, results from theit faculty to assimilate, 
generally speaking, the same foodstuffs as the higher plants. In adding 
a certain quantity of soil to a liquid medium, free of a certain nutrient, 
the rate of growth of a test organism, inoculated in this medium, 
is a measure of the amount of this particular nutrient present in the 
soil in an available form. In comparison with chemical analysis micro- 
biological tests show the advantage that estimation of a certain 
element is possible without separating it from other compounds. 
This saves a great amount of time especially in the case of a determina- 
tion of the so-called minor elements, such as copper, zinc, molyb- 
denum etc. Another advantage is that the same organism and similar 
methods may be used in determining almost all of the elements 
essential for plant growth. 

In the Aspergillus niger tests for potassium, phosphorus and magne- 
sium, according to NIKLAs and collaborators (10), the fungus is culti- 
vated in 75 ml Erlenmeyer flasks containing 30 ml of a nutrient 
liquid medium. The development of the fungus, estimated by weighing 
the mycelia, is a measure of the amount of plant-available potassium, 
phosphorus and magnesium, respectively. 

In: order to avoid the necessity of weighing the mycelia, 1000 ml 
Erlenmeyer flasks containing 40 ml of a nutrient solution were used 


1) Presented at the meeting of the Netherlands Society of Micro- 
biology, Wageningen, May 13th, 1939. 
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in the determination of available copper and magnesium in soils. In 
these large flasks the Aspergillus mycelia have about 10 times the 
surface of those in the 75 ml vessels. This results in much more signi- 
ficant differences in the appearance of the mycelia and spores by 
increasing amounts of copper and magnesium, than in the case of 
the small flasks. Since these differences are reproducible, it is possible 
to estimate the concentration of these elements in the soil without 
weighing the mycelia only by comparing the cultures to which soil 
is given with those of a standard series, to which increasing amounts 
of copper and magnesium are added. 


2, COPPER [ESIs. 

In the Aspergillus test for determining the copper which was 
recently worked out and described (6, 7, 8. Cf. also the earlier investi- 
gations of WoLFF and EMMERIE (12)),.a nutrient solution of the fol- 
lowing composition is used: 


Water distilled from Jena glassware 1000 ml 


Glucose 50 g FeCl, ..6H.0 0.050 g 
KNO, ae I ZnSO, . 7H,O 0.020 g 
K,HPO, 2.0.2 MnSO, . 4H,O 0.003 g 
MgSO, .7H,O 1 g Na,MoO,.2H,O 0.0015 g 


In order to remove the small traces of copper which are found even 
in the purest commercial chemicals, 0.3 ml of a solution of NH,SH and 
5 g of charcoal (Norit) are added to the solution. After some 5 minutes’ 
shaking the charcoal is separated by filtration. In order to avoid losses 
of the minor elements by adsorption on the charcoal, the iron, zinc 
and manganese salts and the molybdate are added after the filtration. 
Of this nutrient medium 40 ml portions are used in 1000 ml Erlenmeyer 
flasks of Jena glass. After sterilization of the solution for 5 minutes 
at 105°C., 1 gram of air-dry soil is added. The flasks are inoculated 
with a few drops of a suspension of Asfergillus spores in sterile, 
copper-free water and incubated at 31°C. After 4—5 days the amount 
of available copper can be estimated by comparing the colour of the 
mycelia with those of a standard series containing copper as sulphate 
in amounts of 0, 0.1, 0.2, 0.4, 0.6, 1, 1.3, 1.6, 2 and 2.5 y Cu respective- 
ly 1). Without copper the mycelia of Aspergillus niger are but insuffi- 

1) It is advisable, in order to avoid the adsorption of the copper on 


the glass surface, to add the copper sulphate after the autoclaving of 
the solution. 
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ciently developed and quite sterile; increasing amounts of copper 
result in a more abundant spore formation, whereas the colour of the 
spores is changing from yellow to yellow-brown, gray-brown, black- 
brown and black (see the coloured plates in 6). Since the differences 
in colour of the mycelia of the standard series are clearly perceptible, 
the estimation of the available soil-copper may be made with a rather 
high degree of accuracy. 

In these investigations a certain strain called “M” of Aspergillus 
niger was used throughout. Of 4 other strains two gave about the 
same results, the others, however, showed a different colour scale 
on account of increasing amounts of copper. So every strain has to 
be considered individually. ’ 


3: KESULTS OBTAINED WITH THE ASPERGILLUS TEST. 
IN THE DETERMINATION OF COPPER. 

Some 60 sandy and peaty soils from different parts of Holland were 
tested on their copper content. These estimations were carried out in 
connection with the investigation of the so-called “reclamation 
disease’, occurring in many countries on peaty and sandy soils (6). 
This disease may be cured by the addition of copper sulphate in 
amounts of 50—100 pounds per acre. Cereals, especially oats, wheat 
and barley are very sensitive to the disease. The most typical symp- 
toms are the rolled and shrunken youngest leaves and the white tips 
of the second highest leaves (fig. 1). 

It appeared that soils on which the plants suffered from the disease 
had a very low content of available copper; soils producing healthy 
plants always showed much higher figures. Part of the results are 
recorded under Table I. 


The data of Table I conform with the results of water culture experi- 
ments with cereals, according to which the symptoms of copper 
deficiency and those of the “reclamation disease”’ are identical (figures 
1 and 2). 


From these results and from copper analysis in healthy and diseased 
plant material it is concluded that the “reclamation disease’’ is 
caused by a deficiency of available copper. 
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Available copper present in soils. 


Available copper 
Soil Plant growth in y 
Per wiles Otmsou 
Sandy soil| wheat, healthy Sars 
- , | white oats, healthy 1220 
. Pe _ » » severely diseased Ol 
a 5 s » » slightly diseased ial 
ys s 2 » + healthy 135 
6 x nD a > 2.5 
t fe = » », diseased 0.3 
peat soil | a) wheat, severely diseased 0.2 
eer; b) healthy spot in diseased field 2—2.5 
— wheat, severely diseased 0.2 
sandy soil » , healthy 5) 
bs , | canary grass, healthy Ess 25) 
peat soil | wheat, healthy So) 
pane eee 2 SSS 
sandy soil 5 ‘e Sse 2S 
" » | white oats, healthy 1.8 
. 2 A » ,» diseased 0.4 
peat soil “s » » severely diseased 0.1 
sandy soil - ee Ls &. O22 
2 » |@) white oats, severely diseased 0.25 
same field | 5) - » », less diseased spot 0.8 
a enc) F. » , healthy spot RT. 
7 ee: » , cured by the addition 
otCusS@;, Ss 


4. MAGNESIUM TESTS. 
For the determination of available magnesium in soils, a medium 
of the following composition is used: 


Distilled water 1000 ml FeCl, . 6H,O 0.02 ¢g 


Glucose 50 g ZnSO. 110" #002 
KNO, 5.0 g MnSO,.4H,O 0.003 g 
K,HPO, 2.5 ¢ Na,Mo0, . 2H,0 0.0015 g 
Na,SO, . 10H,O 1.0 g CuSO, 2SH,O 01001" -¢ 


Three-gram portions of the air-dry soils are added to 1000 ml Erlen- 
meyer flasks containing 40 ml of the sterilized medium, and the 5- 
day-old cultures are compared with those of a standard series to 
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Fig. 1. “Reclamation disease’ Fig. 2. Copper deficiency in barley. 
in barley. Left with the addition Right: without copper, left: with the 
of 25 mg of copper sulphate addition of 0.2 mg of copper sul- 
per jar (100 pounds per phate per 1000 ml of nutrient 
acre). solution. 


which magnesium sulphate is added in amounts of 0, 25, 50, 75, 100, 
150, 200, 300, 400 and 500 y of magnesium, respectively. Up to 100 y 
no spores are formed in these standards, but there are significant 
differences in the thickness of the mycelia. With 150 y a slight spore 
formation is shown, which gradually grows with increasing amounts 
of magnesium. Between the 400 y and 500 y cultures only very slight 
differences are observed. The appearance of these standard cultures 
is not changed by adding calcium salts to the medium or by changing 
the K:Na ratio. 

For this determination other organisms than Aspergillus niger may 
be used. Good results were obtained with Azotobacter chroococcum. 
The bacterium was grown on a medium of the following composition: 


Distilled water 1000 ml 


Agar i.e ZnSO, . 7H,O 0.001 g 
Glucose 20 g MnSO,.4H,O 0.0005 g 
K,HPO, | fog Na,MoO, . 2H,O 0.0005 g 
Meo) 10H. 0-218 FeCl, . 6H,O 0.010 g 
CaCO, ar CuSO,.5H,O 0.0005 g 


For the purification of the agar from magnesia the following method 
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was used (3). The dry agar was cut into small pieces and covered with 
a solution of 10 per cent NaCl, which was refreshed after 10 hours. 
This treatment was repeated 10 times, after which the agar was washed 
with distilled water until no more Cl-ions could be detected. 

Ten ml of this medium were mixed with 2 g of soil, boiled for some 
minutes and poured into 9 cm Petri dishes. After solidification the 
agar-soil-plates were covered with 5 ml of the same medium in order 
to get a smooth surface, and inoculated with a young culture of 
Axotobacter chroococcum. It appeared that without the addition of 
magnesium Azotobacter did not grow; with 10 y of magnesium small 
colonies were formed, which much increased in size when 100 y was 
given. The best growth, however, was obtained with 400 y of magne- 
sium per plate. 

Another organism which may be used for the determination of small 
amounts of magnesium is Bact. prodigiosum which needs this element 
for its growth and for the development of its red pigment. In order 
to cultivate this bacterium an agar medium of the following com- 
position was used: 


Distilled water 1000 ml Na,CO, 2 10H,0 fa g 
Agar 20 g ZnSO, -7H,0 0.0005 g 
Glucose 5g FeCl, 6H,O 0.001. g 
KZHPO, lg MnSO, . 4H,O 0.0005 g 
NH,NO, lg Na,MoO,.2H,O 0.0005 g 
50, ik¢g CuSO, . 5H,0 0.0005 g 


Plates, 9 cm in diameter, were prepared and inoculated with the. 
bacterium. After 4 days at 20°C. very tiny, white colonies developed, 
due to the traces of magnesium present in the nutrient salts. With 
increasing amounts of magnesium a better growth appeared and the 
colour of the colonies gradually grew more reddish. Whether Bact. 
prodigiosum may be used for the estimation of the available magne- 
sium in soils still remains to be investigated. 


5. RESULTS DERIVED FROM THE MAGNESIUM TESTS. 

Magnesium was determined in a number of sandy soils on which 
plants were suffering from the so-called “Hooghalen disease’ or 
acidity disease, occurring especially on acid soils. The plants being 
very chlorotic are of poor growth. In cereals, dark green spots are 
shown on the yellow-green leaves: evidently the production of chloro- 
phyl does not function properly. 
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Although a distinct relation is observed between the occurrence of 
the disease and the low pH of the soil, the latter is not the direct 
cause of the former. This is proved by cultivating plants in water or 
sand cultures provided with all of the necessary elements. A good 
development is obtained at pH-values which are lower than those of 
the soils on which the disease is found }). 

In the publications of GEHRING (4) and VAN ITALLIE (5) good results 
of the application of magnesium salts to acid soils are shown. Accord- 
ing to GEHRING the magnesium in these soils is very strongly adsorbed 

by the soil colloids and a neu- 
tralization of the soil is said 
to enhance the availability of 
the magnesium. VAN ITALLIE 
reports that plants growing on 
acid soils need more magne- 
sium than those on neutral 
ones, whereas the adsorption of 
this nutrient by the roots does 
meet with more difficulties in 
the former case. 

In studying the symptoms of 
magnesium deficiency in water 
cultures of cereals it appeared 
that these symptoms were very 
similar to those of the “Hoog- 

| halen disease’. In both cases 
the plants grew poorly, with 
symptoms of chlorosis and 
~—.. showed dead lower leaves. The 
Fig. 3. Magnesium deficiency symptoms spotted leaves, which represent 
(white oats inanutrient solution,afew a milder form of the disease, 
days after the addition of a small could be obtained in the 

amount of MgSO,). water cultures by adding small 
amounts of magnesium sulphate to the deficiency cultures (cf. fig. 3). 

A great number of soil samples from fields with diseased crops were 
tested with Aspergillus niger on the available magnesium. Figs. 4 and 


1) It must be emphasized that detrimental effects of low pH-values 
in media well provided with magnesium may be obtained. These injuries 
which will be discussed in a subsequent paper are not identical with 
those of the “Hooghalen disease”’. 


106 E. G. Mulder, 


5 contain the-results of these investigations. Fig. 4 deals with samples 
from experimental plots and other fields of well-known properties; 
the soils of fig. 5 were received from farmers and agricultural advisers 
in different parts of Holland. The samples from one field are always 
placed together in the graphs. 

% 
500 


400 


300 


Gams Severely diseased Plants 


am Slichtly _,, a 
C— Healty Plants 


200 


Figs. 4 and 5. Available Magnesium in y per 3 grams of soil. 


It is revealed by these figures that soils bearing healthy plants 
have an available magnesium content being nearly always 100 y or 
more in 3 grams of soil. The pH-value of these soils generally lies 
above 5. Soils with diseased plants, on the contrary, contain very 
little available magnesium. The pH-values of these soils are mostly 
between 4.2—5. Evidence that the bad growth of Aspergillus niger 
is really due to the low magnesium content, and not to the acid reac- 
tion of the soil added, is given by the fact that mixing the soil samples 
with 0.5 gram of magnesium-free calcium carbonate did not change 
the growth of the fungus; the addition of 500 y of magnesium, how- 
ever, brought about a normal growth. 

The low content of available magnesium in acid soils is not due to 
the absence of magnesium in these soils. This could be proved by 
calcinating the samples during 2—3 hours at 500°C., and adding the 
ash to the Aspergillus flasks. It appeared that in many cases the amount 
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of available magnesium in the ash was more than 20 times higher 
than that in the soil. 

The absence of available magnesium in acid soils is most probably 
due to the leaching of the Mg-ions under the influence of the low pH. 
This could be proved by the following experiment. To a slightly acid 
sandy soil with a high content of available magnesium, increasing 
amounts of dilute sulfuric acid were added, in order to bring the pH 
down to 4.1, 3.9, 3.6, 2.8, and 2.2 respectively. After 2 days the soils 
were dried and 6 days later 3-gram portions were added to Asper- 
gillus flasks. A fixation of magnesium in the acid soils, as reported by 
GEHRING, could not be observed. The same acid soil, however, leached 
on a filter with distilled water till no more SO,-ions could be detected 
in the filtrate, had lost practically all of the available magnesium. 


6. EFFECT OF NEUTRALIZATION. 

Soils on which the plants are 
suffering from the “Hooghalen 
disease’ generally may be im- 
proved by adding neutralizing 
substances such as CaCO;, CaO 
or by fertilizing with NaNO. It 
is not yet known how this favour- 
able effect of the neutralization 
is to be explained. Partly it is 
due to the magnesium content 
of the lime used (in two samples 

. of CaCO; magnesium contents 
of 0.2 and 0.5 per cent were 
found). Very pure CaCO,, however, 
although not increasing the 
amount of available magnesium, 
also gave a better growth of the 
plants (fig. 6, Table IT). 

Evidently the improved plant 
growth in the limed soils must 
be ascribed to an_ increased 


Fig. 6. White oats growing in acid aaa 
soil. Right: untreated soil, center: assimilation of magnesium which 


addition of CaCO,, and left: is due to the better developed 
addition of MgSO.. root system or to an _ easier 


absorption of Mg-ions by the root cells in the less acid media, 
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Table IT. 


Effect of CaCO, and MgSO, on the available magnesium in soils and on 


the yield and magnesium content of oat plants. 
a 


Available 4 
: seed straw 
magnesium 
aval per 3 g of soil 

in y (after |dry matter | Mg in| dry matter} Mg in 

cropping) in gy) | met) | Mine) mg ') 
acid sandy soil A 29—s0 fe) e) 2.66 0.35 
with CaCO, 25 3.41 1.66 Drow 0.50 
with MgSO, 300 6.01 7335 5.60 6.79 
acid sandy soil B 25—50 1.08 0.62 4.66 0.44 
with CaCO, 25 4.75 SEIT Tass) 0.52 
with MgSO, 300 7.81 9.81 Telel. 7.45 


1) average values from duplicate samples. 


7. MICROBIOLOGICAL DETERMINATION OF SMALL 
AMOUNTS OF MOLYBDENUM. 
Recent investigations from ARNON and StTouT (1) have shown the 
indispensability of molybdenum for the growth of tomato plants. 
From previous publications it appears that under certain conditions 
Azotobacter chroococcum (2) and Aspergillus niger (7, 8, 11) do not 
thrive well without the presence of small amounts of this element in 
the nutrient media. Although it is unknown whether molybdenum 
deficiency of higher green plants is found in natural soils, it may be 
of some importance to determine the available molybdenum in these 
media. For these investigations Azotobacter chroococcum (VAN NIEL (9)) 
as well as Aspergillus niger may be used. 


Summary. 


A description is given of some microbiological tests for the determina- 
tion of plant-available copper, magnesium and molybdenum in soils. 
In these investigations Aspergillus niger and in a few cases Azotobacter 
chroococcum and Bact. prodigiosum were used. From the figures 
obtained it is revealed that soils on which the plants are suffering 
from the so-called “reclamation disease’, have a much lower available 
copper content than those producing healthy crops. Soils on which 
the plants show the so-called “Hooghalen disease”, have a very low 


Deficiency of Cu, Mg and Mo in soils. 109 


content of available magnesium. From these results and from experi- 
ments with cereals it is concluded that the “reclamation disease’”’ is 
caused by a deficiency of plant-available copper and that a defi- 
ciency of available magnesium is the chief cause of the “Hooghalen 
disease’’. 
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DISSIMILATION OF CITRIC ACID BY 
STREPTOCOCCUS PARACITROVORUS }) 


by 


C. R. BREWER and C. H. WERKMAN. 
(Received January 12, 1940). 


1. INTRODUCTION. 

The action of the citric acid-fermenting, aroma streptococci in the 
production of desirable flavor and aroma in butter cultures has been 
investigated by many workers, both in the United States and Europe. 
See HAMMER (5) for a review of literature dealing with the aroma- 
forming bacteria of dairy cultures through 1937. 

Since HAMMER’s review, VAN BEYNUM and PETTE (1,2) have published 
the results of a comprehensive study of the decomposition of citric acid 
by butter aroma bacteria. The Dutch workers found that citric acid 
is decomposed to acetic and carbonic acids, ethyl alcohol, 2,3-butylene 
glycol, acetylmethylcarbinol and diacetyl. The last 3 compounds are 
formed only in acid medium. A scheme of fermentation including py- 
ruvic acid as a hypothetical intermediate was presented. 

As a result of the investigations carried out in several laboratories, 
it is now commonly accepted that these organisms ferment the natu- 
rally occurring citrate of milk to several products, among which, vol- 
atile acids and the three 4-carbon neutral compounds, diacetyl, acetyl- 
methylcarbinol and 2,3-butylene glycol are of most importance from 
the flavor standpoint. 

Nearly all such investigations have been carried out in milk, which 
possesses the obvious advantage of a natural growth medium but leads 
to many difficulties in chemical analysis. In addition to the analytical 
inaccuracies resulting from the physical and chemical complexity of 


*) Journal paper No. J711 ofthe Iowa Agricultural Experiment Station, 
Project 451. 
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milk, it is practically impossible to determine the physiological behavior 
of organisms with respect to any specified substrate, because of the 
simultaneous action on other substrates naturally present. For example, 
Streptococcus paracitrovorus attacks the citrate of milk but simultane- 
ously ferments the lactose also present. Obviously, chemical analysis 
of the fermented milk cannot accurately reveal the source of each final 
product. It thus becomes necessary to choose other less natural but 
more specific, methods of investigation. 

The present communication reports the results of studies on the dis- 
similation of citric acid by Streptococcus paracitrovorus, and the effect 
of sugar on this fermentation. The chemical methods and fermentation 
techniques were those employed in previous investigations of the bac- 
terial dissimilation of citric acid (BREWER and WERKMAN (3,4)). 


2. DISSIMILATION OF CITRIC ACID. 

Preliminary experiments with yeast extract media showed that al- 
though satisfactory growth was obtained when glucose or lactose was 
added, no growth occurred in the same basal medium alone or with 
added sodium citrate as a carbon source. Media containing both ci- 
trate and sugar gave better growth than sugar alone. The necessity 
of sugar in media for growth of aroma bacteria was first pointed out 
by KNUDSEN and S@RENSEN in 1929 (7). 

Quantitative determination of the products of the glucose fermen- 
tation showed a relatively simple distribution of products (Table I). 
One mole of glucose is apparently converted to approximately one mole 
each of lactic acid, ethyl alcohol and carbon dioxide. The first line 
of the table presents the dissimilation of glucose plus citrate. More 
glucose was fermented in the presence of citrate than in its absence, 
although in neither case was the entire 50 mM per liter originally 
present converted. The 40 mM of citrate per liter were entirely broken 
down. 
Large quantities of acetic acid accumulated during the dissimilation 
of the combined substrate, but none resulted from the fermentation 
of glucose. This behavior is in contrast to the work of HucCKER and 
PEDERSON (6), who found volatile acid in fermentations of glucose by 
Leuconostoc. A small amount of 2,3-butylene glycol was formed from 
the combined substrate but none from glucose alone. Other differences 
are: a reduction in the yield of ethyl alcohol and an increase in CO, 
and lactic acid in the medium containing both sugar and citrate. 

The third line of Table I, calculated by subtracting the products 
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of the fermentation of glucose alone from those of the fermentation of 
glucose plus citrate, represents approximately the dissimilation of citrate 
under the conditions employed. The fourth line of the table presents 
the data of the third line calculated to a basis of 100 mM of citrate 
fermented, for comparison with later tables. Inspection of these data 
shows that the principal products were carbon dioxide, acetic and lactic 
acids, with a substantial production of 2,3-butylene glycol. The func- 
tion of the glucose in the mixed substrate may be to provide a hydrogen 
donator; e.g., ethyl alcohol, essential to the citrate metabolism of the 
organism. 

Since microrespirometric experiments (see below) demonstrated that 
small quantities of glucose catalyzed the decomposition of citrate by 
S.paracitrovorus, experiments for chemical analysis were set up using 
a medium containing a high ratio of citrate to glucose. Table II presents 
the results of an experiment in which 0.05 M citrate and 0.005 M 
glucose were used. The glucose was entirely fermented and nearly 80% 
of the citrate was broken down. The products agree in general with 
those shown in Table I. Under the conditions of the experiment shown 
in Table II, considerable quantities of pyruvic acid accumulated. Its 
identity was established by preparation of the 2,4-dinitrophenylhy- 
drazone, which melted at 213° C. uncorrected, both when pure and 
when mixed with authentic pyruvic 2,4-dinitrophenylhydrazone. 

The yields of acetylmethylcarbinol and 2,3-butylene glycol were lar- 
ger than in the previous experiment. The high carbon recovery may 
be due to interference by pyruvic acid in the volatile acid determination. 
The bottom line of Table II represents approximately the dissimilation 
of citric acid. 

Several attempts were made to determine the products of the dissi- 
milation of citrate alone, both by growing cells and non-proliferating 
cell suspensions, but insufficient conversion of citrate to allow of accu- 
rate conclusions to be drawn was obtained. 

The accumulation of pyruvic acid under certain conditions, suggests 
that it is an intermediate in the fermentation. Accordingly, the dis- 
similation of pyruvate was investigated. Table III presents the results 
of one experiment. The products obtained are similar to those formed 
from citrate plus glucose. 

After the foregoing experiments were performed, the work of vAN 
Beynum and Petre (1) appeared, showing similar results. The Dutch 
workers postulated that pyruvic acid was an intermediate compound, and 
studied its dissimilation but did not isolate it from their fermentations. 
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Table III. 
Anaerobic dissimilation of pyruvic acid by Streptococcus paracitrovorus. 


Products expressed as mM per 100 mM pyruvate fermented. Duration 


of experiment 7 days. Substrate: 0.092 M pyruvate. 
——————————————  __ 


a eee ee Glee | a! eetieee 
= 2 = 3) fe) re) S| So a pf © 
> & ° S Seah O a apps O o & g 
Bee | eer ie | 8 yap Ree (ee os fe 
as SP See dae Oe es -s 
aS Pte en se kei |S eS 
| Vas ims els rs 
27.0134.) 60.8.1 26.2 | 42.4)-3.7.) 3:8). 7.4} 31.4 1106.11 1.06 
| 


Other experiments (not shown) with lactose and galactose have 
shown that these sugars are dissimilated by S.paracitrovorus to products 
similar to those from glucose. Glucose is most rapidly and galactose 
least rapidly fermented of the three sugars. 


3. CATALYTIC EFFECT OF GLUCOSE ON DISSIMILATION OF 
CITRIC ACID: 

The Barcroft-Warburg respirometer technique was used as a second 
method of investigation of the action of combined substrates. The bac- 
teria were grown in glucose-citrate-yeast extract media, harvested by 
centrifuging, washed once with distilled water and suspended in 0.1 
molar phosphate buffer of the desired pH. Usually 2% of cell paste 
was used. 

Figure | illustrates the marked effect of combined substrates on 
the gas production of S.paracitrovorus, S-9, at a pH of 6.3. Although 
the gas production from either citrate, glucose or lactose alone was 
rather low, combination of citrate with either glucose or lactose re- 
sulted in a rapid and large gas evolution. 

Krexss and JoHNson (8) reported a catalytic effect of citrate on 
oxidative muscle glucolysis. They found that 0.006 molar arsenite in- 
hibited catalysis. To determine whether some of the reactions of the 
KREBS’ citrate cycle apply to the S.paracitrovorus dissimilation, arsenite 
was added to the substrate in the respirometer side cups. The curves 
shown indicate that this inhibitor had no significant effect. Since the 
catalytic effect found with S.paracitrovorus occurs anaerobically and 
is insensitive to arsenite, it seems that the KREBS system does not 


operate. 
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Fig. 1. Effect of combination of citric acid and glucose or lactose 
and of arsenite on the anaerobic metabolism of Streptococcus 
paracitrovorus S-9 at pH 6.3. 0.2% substrates used. 
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Fig. 2. Effect of combination of citric acid and glucose or lactose 
and of arsenite on the anaerobic metabolism of Streptococcus 
paracitrovorus S-9 at pH 5.0. 0.2% substrates used. 


Figure 2 shows the results of a similar experiment carried out at 
a lower pH which should more closely approximate the acidity of a 
butter culture. The same type of catalytic action occurred but was even 
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Fig. 3. Effect of combination of citric acid and glucose on the 
anaerobic metabolism of Streptococcus paracitrovorus MU29 at 
pH 6.3. 0.2% substrates used. 
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Fig. 4. Comparative catalytic effects of low concentrations of 
citric acid and glucose on the anaerobic metabolism of Streptococcus 
paracitrovorus S-9 at pH 6.3. 


more rapid than at the higher pH, as evidenced by the steep slope of 
the curve in the first 2 hours of the experiment. 
Figure 3 illustrates the data obtained with a different strain of the 
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same species. The same catalytic effect is apparent. The activity on 
the combined substrate was much greater than on pyruvate. 

Similar catalytic effects were obtained in experiments carried out in 
the presence of air. Although ample oxygen was present, little was 
consumed as measured manometrically. 

It is obvious that the bacteria metabolize the combined substrates 
of citrate and glucose much more rapidly than either alone. By varying 
the relative concentrations of the substrates, it should be possible to 
determine whether glucose or citrate exerts the catalytic effect. Figure 4 
shows curves obtained from such an experiment. During the first 2 
hours, when evolution was most rapid, the gas produced from citrate 
alone and glucose alone was small as usual. During the same period, the 
curves representing 0.2% citrate with 0.2% glucose and 0.05% glu- 
cose rise rapidly together while those of 0.294 glucose plus 0.05% ci- 
trate and 0.01% citrate rise more slowly to maxima evidently depen- 
dent on the citrate concentrations. Thus, it would seem that citrate 
is the source of most of the gas and that glucose is the catalytic agent. 

Further manometric experiments were carried out in search of other 
compounds catalyzing citric acid decomposition in a manner analogous 
to glucose and lactose. The following compounds and extracts were 
used: fumarate, succinate, lactate, pyruvate, formate, hexosediphos- 
phate, galactose, arabinose, mannitol, ascorbic acid, riboflavin, nico- 
tinic acid, acetylmethylcarbinol, ethyl alcohol, thiosulfate, ether ex- 
tract of yeast extract, boiled yeast juice and the medium from which 
the bacteria had been centrifuged, both boiled and unboiled. None of 
these substances successfully replaced glucose as a catalyst, although 
slight stimulations were noted. 


4. DISCUSSION. 

These data indicate that S .paracitrovorus possesses an enzyme system 
which attacks a combined substrate of citrate and lactose or glucose 
with greater rapidity than any one of them singly. Since milk contains 
such a combined substrate, it is logical to assume that the bacteria 
act on both citrate and lactose. Thus, it becomes necessary to deal 
with the dissimilation of citrate plus lactose in studying the physiology 
of butter culture bacteria rather than with citrate alone. 

Several theories may be offered to explain the catalytic effect of sugar 
on citrate dissimilation. There may be a direct reaction between citrate 
and sugar. The sugar may act as a hydrogen donator or acceptor. It 
may serve as a basis for synthesis of some complex activator or coen- 
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zyme. The fact, that citrate alone is slowly broken down after a lag 
phase of 4 to 6 hours, indicates that the coenzyme or activator theory 
may be correct. Since the addition of several other hydrogen donators 
and acceptors did not produce a catalysis comparable to that of glu- 
cose, it is unlikely that the catalytic activity of glucose is due entirely 
to the donation of hydrogen to citrate. 


The failure of arsenite to inhibit the activity of S.paracitrovorus on 
citrate plus glucose indicates that the mechanism of dissimilation by 
this organism is not like that of Aerobacter indologenes which was prac- 
tically completely inhibited by arsenite (BREWER and WERKMAN (4)). 
Another important difference between the glucose-catalyzed fermen- 
tation of citrate by the butter culture streptococci and the normal 
citrate metabolism of coli-aerogenes bacteria is the complete absence 
of succinic acid from media fermented by the streptococci, whereas 
succinate is formed in relatively large quantities by coli-aerogenes bac- 
teria. 


Manometric experiments with A.indologenes showed that the addition 
of small quantities of glucose to citrate dissimilations has no catalytic 
effect. Aerobacter and Citrobacter ferment citrate rapidly in the absence 
of sugar, therefore, it is not surprising that no catalysis could be de- 
monstrated. 


The dissimilation of glucose by S.paracitrovorus appears to be acom- 
bination of the lactic and alcoholic fermentations. The isolation of 
phosphoglyceric acid by STONE and WERKMAN (9) from S.paracti- 
trovorus suspensions suggests that the EMBDEN-MEYERHOF-PARNAS 
scheme of glucolysis applies to this organism. If this is true, pyruvic acid 
will be the principal intermediate from which lactic acid will be formed 
by direct reduction. Ethyl alcohol will be produced by reduction of 
the acetaldehyde formed by decarboxylation of pyruvic acid. 


The dissimilation of citric acid by S.paracitrovorus probably proceeds 
in a manner similar to that postulated for A.indologenes. The citric 
acid will be split into acetic and oxaloacetic acids. The latter will de- 
carboxylate to form pyruvic acid which will undergo the generally 
postulated reactions for the formation of lactic acid, acetaldehyde and 
CO,, with the condensation of the aldehyde to form acetylmethyl- 
carbinol and 2,3-butylene glycol. The apparent connection between the 
fermentations of glucose and citrate by S.paracitrovorus may. be ‘he 
oxidation of some reduced metabolite of the former, probably acetal- 
dehyde, coupled with the reduction of the pyruvic acid formed from 
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citrate to lactic acid or through acetylmethylcarbinol to 2,3-butylene 


glycol. 
Summary and Conclusions. 


S.paracitrovorus does not readily dissimilate citric acid in the ab- 
sence of sugar but does attack citric acid relatively vigorously in the 
presence of small quantities of glucose or lactose. The effect of glucose 
and lactose in initiating the dissimilation of citric acid is catalytic. 

The sugars which act catalytically are themselves fermented to ap- 
proximately equimolar quantities of carbon dioxide, ethyl alcohol and 
lactic acid. The dissimilation of a combined substrate of citrate and glu- 
cose forms, in addition, acetic acid, acetylmethylcarbinol, 2,3-butylene 
glycol and under certain conditions, pyruvic acid which acts as an 
intermediate compound. Pyruvate is dissimilated to products similar 
to those from a fermentation of citrate plus glucose. 

The reactions of KREBS’ citric acid cycle apparently do not apply 
to the dissimilation of citric acid by S.paracitrovorus because the fer- 
mentation of citric acid proceeds anaerobically, consumes little eae 
aerobically and is not inhibited by arsenite. 

Inasmuch as milk contains lactose, the fermentation of citric acid 
in milk by S.paracitrovorus may be catalyzed as shown in these studies. 
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1. INTRODUCTION. 

In the older literature on the physiological properties of yeast species 
it is not at all uncommon to find that a discrimination is made between 
the sugars which can be fermented by a given species and those which 
are able to act as a substrate for the assimilation of the yeast. We 
may cite here by way of example the publications of Ros (27), Linp- 
NER and Saito (21), and KLUYVER (16). Characteristic of the view- 
point exposed in these earlier publications is that their authors accept 
without further discussion that certain sugars are suitable as a sole 
source of carbon, although these sugars — in contradistinction to 
hexoses like glucose 1) — are not fermented. At first sight this attitude 
is easily understood, since there is not the slightest doubt that certain 
yeast species can indeed use fully unfermentable compounds like lac- 
tates, glycerol and various hexitols as assimilation substrates, at least 
in so far as an ample supply of oxygen is provided. Under these con- 
ditions it seems qui e acceptable that the same situation also applies 
to the case of unfermentable sugars, and there are indeed several re- 
ports according to which under aerobic conditions the unfermentable 
pentoses are indeed attacked by certain yeasts (26, 19). 

In the light of our present knowledge of metabolism the question is, 
however, quite different as far as unfermentable disaccharides (or 
more generally: polysaccharides) are concerned. For in this case the 


1) It may be remarked here once for all that yeasts which do not 
ferment glucose, and therefore have no fermentative power at all, are 


excluded from the present discussion. 


at 
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lack of fermentability seems to offer conclusive proof for the view that 
the cells in question lack the ability to bring about a hydrolysis of these 
sugars. Accepting this, one is forced to conclude that the organism is 
able to synthesize its numerous different cell compounds from the un- 
split disaccharide, a view which seems utterly absurd. Moreover, 
one has to realize that assimilation cannot proceed without the si- 
multaneous occurrence of an energy yielding process, which in the case 
of an unfermentable compound inevitably implies that this compound 
acts partly as a substrate of the respiration process. 

Now it is also quite difficult to conceive that a disaccharide will 
undergo oxidation without preceding hydrolysis. In this case one might 
expect that under certain conditions incomplete oxidation products 
containing more than 6 carbon atoms and still having the characteristic 
oxygen bridge of the disaccharide would have been found, and this is 
contrary to all experience. Such a ,,direct”’ oxidation of a disaccharide 
— 1.e., without previous hydrolysis — is further quite incompatible 
with the unitarian theory of respiration and fermentation. 

It was especially with a view to the latter consideration that some 
years ago the senior author, together with HooGERHEIDE (17), has 
examined more closely the statement of TRAUTWEIN and WEIGAND (32) 
that certain non-maltose-fermenting yeast species — Saccharomyces 
Marxianus Hansen and Saccharomyces exiguus (Reess) Hansen — 
were able to use maltose as a respiration substrate. It was then shown 
that this statement could not be upheld; all experimental data being 
in favour of the, view that the increase in respiration. observed on ad- 
dition of maltose was due to the presence of impurities in the commercial 
preparations of the sugar. 

In consequence hereof it was thought at that time that the question 
of respiration of unfermentable disaccharides, and therefore also that 
of the assimilation of these sugars, was dead and buried. 

However, in the course of an investigation on the properties of 
various yeast species belonging to the genus Brettanomyces the junior 
author came across a clear case of the assimilability of saccharose by a 
non-saccharose-fermenting strain. This strain has since been described 
under the name of Brettanomyces anomalus Custers (6). 

On considering the problem involved in this observation our atten- 
tion has been drawn to several statements in publications of other 
workers in the field of yeast taxonomy, in which also unmistakably 
positive results were reported regarding the assimilability of unfer- 
mentable disaccharides. We refer here especially to the papers of 
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REDAELLI (25), of CIFERRI and ALFONSECA (4), of CIFERRI and RE- 
DAELLI (5) and those of LANGERON and GUERRA (18), although others 
could be added. It is true that these authors do not offer any special 
comment to their results, but nevertheless their findings must be con- 
sidered as serious arguments against the views put forward by HooceEr- 
HEIDE and the senior author. For although impurities might affect the 
very sensitive manometric method for the establishment of respiration, 
they could scarcely be responsible for the obviously considerable pro- 
liferation of yeast cells observed by the authors cited. 

For this reason we have thought it desirable to reinvestigate the 
problem outlined above. In the first place we have chosen for further 
inspection the case of Mycocandida parakrusei (Cast.) Langeron et 
Guerra for which the last mentioned authors report that this organism 
is able to assimilate saccharose and maltose, although these sugars are 
not fermented. At a time that our investigation had already made con- 
siderable progress, and had already been extended to a few other spe- 
cies, another example of the discussed abnormal behaviour of a yeast 
species was kindly brought to our notice by HoEKE. This investigator 
showed us some of his observations which left no doubt that Torulopsis 
dattila (Kluyver) Lodder, a yeast which is generally accepted to be 
unable to ferment maltose, is successful in attacking this sugar, if the 
organism is grown under aerobic conditions in a medium in which mal- 
tose is the only carbohydrate present 1). This regult was especially 
striking, because since 1914 the said yeast species has frequently been 
employed in the senior author’s biochemical method for sugar deter- 
mination, on the basis of its inability to attack maltose under anaerobic 
conditions. 

HoeEKeE’s results induced us to give further extension to our investi- 
gation, and we decided to include also an examination of some other 
apparently related statements in literature which had puzzled us for a 
long time. 

In the famous chapter entitled ,, Théorie physiologique de la fer- 
mentation” of his ,,Etudes sur la biére’’ PASTEUR (23) describes 
an experiment in which he inoculates yeast in a medium consisting 
of yeast water with 2.5%, lactose. He then reports further that, although 
the yeast was quite unable to ferment this sugar, a quite satisfactory 
yeast crop was obtained after three months. 

PASTEUR attached great importance to this result. He had already 
shown that under certain conditions a mould (Mucor species) could 


1) The results have since been published; cf. (9). 
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live and act like a yeast, 7.e., could give rise to fermentation. From the 
experiment reported he drew the conclusion that conversely a yeast 
could behave like a mould, 1.e., could develop at the expense of an un- 
fermentable sugar. However, it must be remarked that no direct proof 
was offered for this. The possibility that the yeast had been growing 
merely at the expense of the constituents of the yeast water does not 
seem to have occurred to PASTEUR. 

It seemed worthwhile to repeat this experiment with ordinary strains 
of baker’s yeast and brewery yeast, all of which are devoid of the ability 
to ferment lactose. 

A further inducement hereto was found in a more recent publication 
of HoFMANN (10) which author claims the startling result of having 
demonstrated the presence of lactase in bottom yeasts. The experimen- 
tal proof for this assertion is open to serious criticism for which we refer 
to Chapter 6 of this paper. On the other hand HoFMANnn’s findings 
seemed to find support in PASTEUR’s observation described above. 

Also a later publication of HOFMANN (11) asked for a reinvestigation. 
Herein this author describes that he was able to demonstrate the pre- 
sence of saccharase in Schizosaccharomyces octosporus Beijerinck. This 
fact seemed incompatible with BEIJERINCK’s emphatic statement that 
this yeast species is unable to ferment saccharose, although glucose and 
maltose are vigorously fermented. 


On the ground of the foregoing exposé it seemed desirable to make 
a more or less systematic study of the ability of various yeast species to 
attack under different conditions disaccharides which according to 
the data in-literature are not fermented: by the species in question. 

Such a study should, of course, embrace both an investigation 
of the suitability of the disaccharide as a respiration substrate, and 
its assimilability in growth experiments. 

Taking into account the various reports mentioned above, we have 
made a careful selection of yeasts in such a way that a series of species 
was obtained for which the discussed anomaly had been reported. 
In addition a few other species were included in the investigation, 
because it seemed desirable to ascertain their behaviour in the men- 
tioned respect in connection with their possible applications in bioche- 
mical sugar analysis. With a view to the demands of the biochemical 
method for sugar determination special attention was given to those 
rare species which share with Schizosaccharomyces octosporus the proper- 
ty of fermenting maltose, but not saccharose. 
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All yeast strains were obtained from the collection of the Yeast 
Division of the ,,Centraalbureau voor Schimmelcultures’’. 

We shall now give here a survey of these species, together with a 
brief indication of the reasons for their selection. 


A. NON-MALTOSE-FERMENTING YEAST SPECIES. 


le 


10. 


Brettanomyces anomalus Custers. Although this strain had espe- 
cially attracted our attention by its property of giving a positive 
auxanogram with saccharose, we have also studied its behaviour 
towards maltose, because preliminary experiments roused our 
suspicion that it would be able to assimilate maltose too. 
Mycocandida parakrusei (Cast.) Langeron et Guerra. Reported 
by the latter authors to give a positive auxanogram with maltose. 
Zygosaccharomyces Marxianus (Hansen) Guilliermond et Negroni 
(Syn.: Saccharomyces Marxianus Hansen). Claimed by TRAUTWEIN 
and WEIGAND to use maltose as a respiration substrate, a view 
which, however, has been combated by KLUYVER and HOOoGER- 
HEIDE. 

Saccharomyces exiguus (Reess) Hansen. Same argument as under 
2: 

Torulopsts dattila (Kluyver) Lodder. Reported by HOEKE (9) to 
attack maltose under aerobic conditions. 

Torulopsis utilis (Henneberg) Lodder. Provisionally recom- 
mended by HoEKE as suitable for biochemical sugar determinations 
in which maltose should be preserved. 

Saccharomycodes Ludwigiit Hansen. A yeast species reported 
by GOTTSCHALK (8) to be able to hydrolize starch. 

Saccharomyces fragilis Jorgensen. A species for which the same 
behaviour as mentioned under 7 has been established by Mr. 
F. SMITS VAN WAESBERGHE. : 

Torula cremoris Hammer et Cordes. Recommended by vAN VoorsT 
(33) as suitable for biochemical sugar determinations in which 
maltose should be preserved. 

Torula monosa Kluyver. This species was included into the 
investigation in order to test its applicability for biochemical sugar 
determinations under aerobic conditions. The species ferments 
neither saccharose, nor maltose. 


B. NON-LACTOSE-FERMENTING YEAST SPECIES. 


1. 


Blastodendrion intermedium Ciferri et Ashford. LANGERON and 
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GuERRA report that this species gives a positive auxanogram with 
lactose. 

Saccharomyces carlsbergensis Hansen. A bottom yeast of the 
type used by HorMann (L.c.) in his experiments on the occurrence 
of lactase in brewery yeast. 

Saccharomyces cerevisiae Hansen. A top yeast of a type as may well 
have been used by PASTEUR in his experiment referred to above. 


C. NON-SACCHAROSE-FERMENTING YEAST SPECIES. 


il. 


a. 


Brettanomyces anomalus Custers. Reported by the author to 
give a positive auxanogram with saccharose. 

Mycocandida parakrusei (Cast.) Langeron et Guerra. Reported by 
the latter authors to give a positive auxanogram with saccharose. 
Mycotorula albicans (Robin) Langeron et Talice (strain 493, 
McKtnnon). LANGERON and GUERRA report that this species does 
not ferment saccharose, but gives a positive auxanogram with 
this sugar. 

A second strain of the preceding species (strain Levy). Argument 
given under 3. 

A third strain of the preceding species, but labeled Blastodendrion 
evectum Langeron et Talice (strain 417a of the collection of 
SABOURAUD). Argument given under 3. 

Schizosaccharomyces octosporus Beijerinck. In spite of BrIJE- 
RINCK’s Claim that this species does not ferment saccharose, it is 
reported by HorMaANN (l.c.) to contain saccharase. 
Saccharomyces italicus Castelli. A species recently described by 
CASTELLI (3), and claimed to have the rare property of fermenting 
maltose, but not saccharose. 

Torula species CLAUSSEN. The ,,Centraalbureau voor Schimmel- 
cultures” originally’‘received this strain from CLAUSSEN under the 
name of Saccharomyces Pastorianus, As a result of the investiga- 
tion by STELLING-DEKKER (30) this strain was relabeled. For this 
strain the same behaviour as described under 7 should hold. 
Torula monosa Kluyver. Argument given under A 10. 


. OUTLINE OF THE INVESTIGATION AND METHODS 


APPLIED. 
Fermentation. 


For every yeast species it was in the first place carefully tested 
whether the reports in literature that a certain disaccharide was un- 
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fermentable could be corroborated. For this purpose it seemed desirable 
to have recourse to several methods. On the one hand it seemed indi- 
cated to apply a routine method as used by the majority of the in- 
vestigators cited, in order to be able to judge more directly their re- 
sults. Since, however, these methods all lack sensitivity — as has 
fairly recently been exposed in the monographs of STELLING-DEKKER 
(30) and of LoppER (22), to which the reader is referred — it was ne- 
cessary to give further extension to the investigation. From the dis- 
cussion given in Chapter 1 it will be clear that it was of the utmost 
importance to decide whether the ability to attack a disaccharide 
under aerobic conditions was always accompanied by a weak fermen- 
tative power towards the carbohydrate in question. 

These considerations are responsible for the circumstance that 
we in all cases have tested the fermentability of the disaccharide ac- 
cording to each of the four methods following. 


1. Method of the Einhorn fermentation tube. 

The advantages and disadvantages of this routine method for 
the testing of the fermentative power of a yeast species have fully 
been discussed by STELLING-DEKKER. Thus nothing needs to be 
said here regarding this point. It may suffice to remark that the 
method was applied in the more sensitive modification recommended 
by the last mentioned author who rightly emphasizes the importance 
of shaking the liquid at regular intervals in order to attain a good 
distribution of the yeast cells also in the closed arm of the tube. In- 
spection as to the presence of gas in the closed arm was made daily; 
the observation was, if necessary, always extended to 10 days. 


2. Method of the Struyk fermentation flask. 

A few years ago STRUYK (31) has drawn the attention to a special 
type of fermentation flask, devised by him, which offers several ad- 
vantages in the testing of the fermentability as compared with the 
Einhorn tube. Both instruments have in common that they at the 
same time allow the establishment of gas evolution from the medium, 
and yet allow free access of the air to the inoculated sugar medium. 
The latter factor is indispensable in the case of yeasts which as a rule 
only show very restricted proliferation under strictly anaerobic con- 
ditions. The Struyk flask has been constructed in such a way that the 
yeast cells which originate in the aerobic part of the medium have.a ten- 
dency to accumulate in the anaerobic part of the flask, whilst any 
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fermentation gas produced there is collected under the stopper of the 
flask. 

The general experience in this laboratory is that indeed in several 
cases of weak fermentation positive results in the Struyk flasks have 
been obtained, although the Einhorn tube failed to indicate fermenta- 
tion. The observations in the Struyk flask were also extended over 10 


days. 


3. Control of the fermentability of a sugar in the quantitative apparatus 
after van Iterson—Kluyver (Cf. (15)). 

We deemed it desirable to test the fermentability of the sugar also 
in the said quantitative apparatus. Herein a small volume of the sugar- 
containing medium is inoculated with a relatively large quantity of the 
yeast to be tested. In consequence hereof a considerable multiplication 
of the yeast is unnecessary, and this principle makes it possible to test 
the fermentative power of the yeast under strictly anaerobic con- 
ditions. In case of a restricted fermentability of the sugar the sensitivity 
of the method can be largely increased by adding to the medium a suit- 
able amount of a sugar which is strongly fermented. In our experiments 
we always dissolved 2% of the disaccharide to be tested in a yeast water 
medium which already contained about 2% glucose. Any fermentation 
of the disaccharide should express itself in an increase of the amount of 
gas produced, as compared witha blank experiment in which the glucose 
containing medium without addition of the disaccharide was fer- 
mented. 


4. The manometric method of Warburg. 

Undoubtedly by far the most sensitive way of establishing and 
measuring a fermentation process is the manometric method as de- 
veloped by WarsBuRG. This method is too well known to need de- 
scription. With the aid of this method fermentation can be established 
under strictly anaerobic conditions. We always studied the fermenta- 
tion in an atmosphere of nitrogen which had been carefully freed from 
oxygen by passing it over copper gauze electrically heated at a tem- 
perature of about 500° C. 

In all cases the yeast cells obtained from malt agar plates were 
suspended in tap.water, centrifuged, washed again with tap water, 
centrifuged, and these operations repeated once more. The collected 
cells were suspended in a phosphate buffer pH = 4.5. A suitable amount 
of the sugar to be tested, equally dissolved in the said buffer solution, 
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was always added from a side tube after equilibrium in the Warburg- 
vessel had been attained. 

A parallel experiment was always run with glucose as a fermen- 
tation substrate, whilst as a rule the fermentation was also tested in 
the absence of any substrate. The temperature of the thermostat was 
in-allcasesr30° 46,02" C. 


b. Assimilation. 

After the yeast species had thus been carefully tested on its fermen- 
tative power towards the disaccharide in question, it was investigated 
whether the organism was able to assimilate the sugar, 7.e., whether the 
organism was able to proliferate in a medium in which the sugar 
was the main source of carbon. 

In order to test this point we thought it desirable to apply two 
independent methods. 


1. The auxanographic method of Bewyerinck. 

This method has recently been introduced into practical yeast taxo- 
nomy by LoppeERr (l.c.), and has since been adopted by several other 
workers in this field. For the details of the method we refer to the pu- 
blication of LoppER. It may suffice to state here that a positive result 
of the experiment is based on a visual judgement of an increase in tur- 
bidity in the diffusion field of the sugar as compared with that in the 
blank spots of the agar plate. Control experiments were always made 
by bringing also fermentable sugars on the same plate. 

In many cases the outcome of the experiment is quite decisive: the 
field of the sugar to be tested being either equally turbid as the blank 
spot, or showing a marked increase in cloudiness. 

However, in other cases the result may be doubtful, the difference 
in turbidity being so small that one does not feel certain that the 
slight increase in turbidity observed guarantees a real attack of the 
sugar, and is not due to the possible presence of small quantities of 
_ impurities in the sugar preparation. 

In this connection the following should be realized. The auxano- 
graphic method is undoubtedly highly satisfactory in case of a quick 
assimilation of the compound diffusing into the plate. If, however, this 
compound is only slowly attacked, and its consumption therefore takes 
a long time, the compound will gradually be evenly distributed in the 
whole plate, and this circumstance will, of course, cause no local con- 
trasts in growth to appear. It is for this reason that in certain cases of 
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evidently very slow assimilation the usual technique was modified in 
such a way that the sugar was kept in a restricted diffusion field, by 
removing a semi-circular strip of agar all around the spot where the 
sugar was afterwards deposed. 

Nevertheless we felt the need of another method which would allow 
a more direct establishment of the consumption of the disaccharide 
tested. 

For this reason we have also investigated the assimilability of the 
disaccharide in the following way. 


2. Growth experiments in liquid media with quantitative determination 

of the disappearance of the sugar. 

It will not need any comment that this method is especially suitable 
to decide whether indeed a given yeast species is able to attack a certain 
disaccharide. This method moreover offers the advantage that the 
duration of the experiment can be almost indefinitely prolonged, which 
is of much value in cases in which the assimilation only proceeds slowly. 

It will be clear that this method yields very reliable results, at 
least if due precautions are taken. 

All culture experiments were made in Erlenmeyer flasks of 300 cc. 
Into each flask an accurately weighed amount of disaccharide (+ 1.5 g) 
was brought and the sugar dissolved in 20 cc distilled water. Then the 
flasks and its contents were sterilized in the autoclave at 110° C. during 
20 minutes. After cooling 50 cc of sterile yeast water was added. Here- 
upon the media were rather heavily inoculated from a malt agar tube 
culture of the yeast to be investigated. The flasks were incubated at 
30° C. As a rule all experiments were made in duplicate; one set of 
cultures was tested for the disappearance of the sugar after 16 days, the 
second set after 35 days. 

For sake of comparison parallel cultures were run in media in which 
glucose was substituted for the disaccharide. In all cases the glucose 
had been completely consumed after 16 days, showing that the culture 
used for the inoculation was indeed in good condition. 

The quantitative determination of the disaccharide was made with 
the aid of ScHooRL’s modification of the FEHLING method (in the case 
of saccharose after inversion with dilute hydrochloric acid). In order to 
eliminate the difficulties ensuing from the evaporation of the culture 
medium during the long run of the experiment, the contents of each 
flask were quantitatively transported into a volumetric flask of 100 cc 
which was then filled up to the mark. From the resulting solution 5 or 
10 cc were used for the sugar determination. 
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A slight complication was caused by the fact that the yeast water 
used always contained a small amount of compounds reducing Fehling’s 
solution. For this reason at the beginning of each set of experiments the 
reduction of a weighed amount of sugar was determined in a non- 
inoculated flask containing the usual amount of yeast water, and also 
in an equal volume of distilled water. The difference between the two 
determinations proved to equal the reducing value of the same amount 
yeast water when tested alone. 

It seemed of importance to decide whether a slight decrease in re- 
ducing power of the disaccharide medium after the yeast had been 
cultivated in it might only be due to a consumption of the reducing 
compounds present in the yeast water. For this reason all yeast species 
investigated were also grown for the same period in Erlenmeyer flasks 
containing 50 cc yeast water and 20 cc distilled water, but no sugar. 
It may be remarked here once for all that none of the yeasts investigated 
had caused any significant decrease of the reducing power in the non- 
sugar-containing media. Although in special cases.a slight decrease 
was observed the differences were so near to the experimental error 
of the analytical procedure applied that it was quite justified to ne- 
glect them. 

The control experiments in the sugar-free media were also useful 
in another respect, since they gave a good demonstration of the 
fact that several yeast species show a marked development in these 
media, obviously at the expense of the various constituents of the 
yeast water. This result offers a fair warning against the not unusual 
procedure of various investigators to conclude as to the assimilability 
of a certain sugar, only on account of a visual establishment of pro- 
liferation of the organism in a medium containing, besides the sugar, 
organic nitrogenous compounds like yeast water, peptone etc., also. 
It is clear that in such cases the sugar need not be attacked at all. 

A further precaution made was that also uninoculated flasks con- 
taining the various media tested were incubated for a period of 16 days, 
in order to determine whether a disappearance of the disaccharide took 
place by a purely chemical action of the yeast water constituents. This 
control seemed especially important in the case of the easily hydroliza- 
ble saccharose. If an inversion of that disaccharide would take place, 
a disappearance of this sugar in the inoculated flasks would give no 
guarantee that the organisms in question had the ability to attack the 


saccharose. 
Finally a very thorough test was made for each flask as to the absence 
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of contaminating organisms in the medium. Hereto in the first place a 
microscopical examination was made, but besides this a small quantity 
of the medium was streaked both on peptone agar and on malt agar 
plates. These plates were then incubated for 2 days at 30° C. Then the 
plates were carefully inspected for the presence of colonies of any 
organism other than the yeast culture used in the experiments. In 
the rare cases that contamination was established the analytical re- 


sults were, of course, discarded. 


ec Respiration. 

In Chapter | it has been argued that an assimilation of a compound 
which is not fermented should always be accdmpanied by a respiration 
process in which this compound acts as a substrate of the oxidation. In 
the case of an assimilable, unfermentable disaccharide this should 
imply that this compound is subject to a direct oxidation, 7.e., an oxi- 
dation without previous hydrolysis. Since such a result is difficult to 
conceive, and moreover conflicting with the prevalent theories of 
oxidation and fermentation, it seemed of the utmost importance that 
direct proof should be obtained for the suitability of the disaccharide 
as a respiration substrate. For this the application of the Warburg 
manometric method seemed again indicated. 

Whilst it is unnecessary to enter into a discussion of this method, 
it is desirable to make a few remarks regarding the interpretation of 
the results. It is clear that no conclusions regarding the suitability of 
a compound as a respiration substrate can be drawn without simul- 
taneous determination of the endogenous respiration, 7.e., the respira- 
tion without addition of a substrate. From the results obtained by 
KLUYVER and HOOGERHEIDE (l.c.) it is further clear that it is inadmis- 
sible to interpret any increase in oxygen consumption due to the ad- 
dition of sugar to a cell suspension as a proof that this sugar is indeed the 
substrate of the oxidation. The great sensitivity of the manometric 
method is responsible for the fact that already small amounts of im- 
purities present in the sugar preparation lead to a quite noticeable 
oxygen consumption. Although the sugar preparations used were the 
purest available '), this disturbing effect could not always be avoided. 
As a rule it will, however, be possible to discriminate between a ,,true 
respiration of the sugar’ and a respiration caused by accompanying 


1) In all our experiments — on fermentation, assimilation and re- 
spiration — use was made of ,,Maltose C.P.’’ and ,,Lactose C.P.” of 
the Pfanstiehl Chemical Co., and of ,,Saccharose puriss’’ of Merck. 
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impurities by extending the experiment over a longer period of time. 
If the respiration is due to impurities a decrease of the oxygen consump- 
tion with time may be expected; if the sugar itself is attacked a con- 
stant respiration rate will be observable at least over periods ex- 
tending to 4 or 6 hours. 

In all our experiments due attention was given to the foregoing 
considerations. 

It may be added that for the sake of comparison always control 
experiments were made with glucose as a respiration substrate. 


3. RESULTS OBTAINED WITH THE NON-MALTOSE-FER- 
MENTING YEAST SPECIES. 

In the following an account will be given of the behaviour of the 

various yeast species enumerated in the list given in Chapter | under A. 


bcd} | | @ Fermentation. 


«© WITHOUT SUBSTRATE 
MEX She MALTOSE 


Sh te aucose It may suffice to state here 
that for all the species investi- 
gated all tests on their ability 
to ferment maltose, indeed, yiel- 
ded completely negative results. 

By way of example we give in 
Fig. 1 a graphic representation 
of the results obtained in the case 
of Torulops’s dattila, in which 
egies figure for the sake of comparison 


Fig. 1. Torulopsis dattila — An- i pa eS Oa ate 
aerobic carbon dioxide production ®°° * *©t™ p 


in glucose, in maltose, and in the 
absence of substrate. reproduced. 


————2— mm’ CARBON DIOXIDE PRODUCED IN 10 MIN 
0 5 


with glucose as a substrate is 


b. Assimilation. 

The qualitative test with the aid of the auxanographic method for 
the assimilability of maltose gave clearly positive results with To- 
rulopsis dattila, Torulopsis utilis and Mycocandida parakruset; all 
other species were negative in this respect. 

In the case of the three species mentioned, we have therefore a 
first confirmation of the results of the earlier investigators regarding 
the assimilability of a non-fermentable disaccharide. 

The growth experiments with quantitative determination of the 
maltose gave a definite proof for this noteworthy phenomenon, as 
may be seen from Table I. 
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It should be added that a special control experiment showed that 
no maltose disappeared in a non-inoculated yeast water maltose me- 
dium incubated at 30° C. for 16 days. 

The results reported in Table I leave no doubt that the non-maltose- 
fermenting yeasts Brettanomyces anomalus, Mycocandida parakruset, 
Torulopsis dattila and Torulopsis utilis consumne under aerobic condi- 
tions quite considerable amounts of maltose. For Torulopsis dattila 
this means a confirmation of HOEKE’s earlier result. On the other 
hand it may be concluded that there are yeasts which also under 
the conditions of the growth experiments do not attack maltose 
at all. This holds quite strictly for Saccharomyces fragilis, Torula cre- 
moris and Torula monosa, where the decrease.in maltose does not sur- 
pass the limits of the experimental error. As for Zygosaccharomyces 
Marxianus, Saccharomyces exiguus and Saccharomycodes Ludwigit 
the figures obtained after the period of 35 days show a consumption 
which, although probably not due to experimental error, is still so 
low that for practical purposes it may be neglected. 


é Respiration. 

The results obtained in the investigation of the suitability of maltose 
as a substrate for the respiration of the various yeasts species are col- 
lected in Fig. 2—11. 

The curves reproduced in Fig. 2 to 5 leave no doubt, that Brettano- 
myces anomalus, Mycocandida parakrusei, Torulopsis dattila and To- - 
rulopsis utilis are, indeed, able to use maltose as a respiration substrate. 
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Fig. 2. Brettanomyces anomalus —_ Fig. 3. Mycocandida parakruset a 
Respiration with glucose, with Respiration with glucose, with 
maltose, and without substrate. maltose, and without substrate. 
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For the remaining six species (Fig. 6—11) it is clear that the initial 
increase in rate of oxygen consumption which follows the addition of 
- maltose to the cell suspensions is due to the presence of a small amount 
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Fig. 4. Tovrulopsis dattila — Re- 
spiration with glucose, with mal- 
tose and without substrate. 
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Fig. 5. Torulopsis utilis — Re- 
spiration with glucose, with mal- 
tose and without substrate. 
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Fig. 6. Zygosaccharvomyces Marxia- 


nus — Respiration with glucose, 
with maltose and without sub- 
strate. 
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Fig. 7. Saccharomyces exiguus — 
Respiration with glucose, with 
maltose and without substrate. 


of impurities in the sugar preparation. For after a relatively short time 
the respiration rate drops again to the value of the endogenous respira- 
tion. It will be superfluous to stress that these results are in highly 
satisfactory agreement with what might have been expected on 
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the basis of the results obtained in the assimilation experiments. 

It is worth-while to draw attention here to the fact that the beha- 
viour of Zygosaccharomyces Marxianus and Saccharomyces exiguus 
fully confirm the results reported by KLUyvER and HOoOGERHEIDE 
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Fig. 8. Saccharomyces Ludwigit — 
Respiration with glucose, with 
maltose and without substrate. 
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Fig. 10. Saccharomyces fragilis — 
Respiration with glucose, with 
maltose and without substrate. 
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Fig. 9. Torula cremoris — Respi 
ration with glucose, with maltose 
and without substrate. 
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Fig. 11. Torula monosa — Respi- 
ration with glucose, with maltose 
and without substrate. 
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(17) regarding the non-suitability of maltose as a respiration substrate 
for these yeasts 1). 

By far the most important conclusion which must be drawn from 
these respiration experiments is, however, that for the first time 
convincing experimental proof has been obtained that, indeed, for 
certain yeast species which do not at all ferment maltose, this disac- 
charide can act as a substrate for the respiration. 

We shali refrain here from a discussion of this remarkable fact, 
and of its bearing on our insight into the mechanism of respiration and 
fermentation. This discussion will be postponed to Chapter 6, and we 
shall first consider the corresponding results obtained in the case of 
the various yeast species which do not ferment lactose or saccharose. 


4. RESULTS OBTAINED WITH .THE NON-LACTOSE-FER- 
MENTING YEAST SPECIES. 

In the following an account will be given of the behaviour of the 

various yeast species enumerated in the list given in Chapter 1 under B. 


@skermentation: 

Here again it may be briefly stated that for all three species in- 
vestigated all tests on their ability to ferment lactose, indeed, yielded 
completely negative results. 


b. Assimilation. 

The qualitative test for the assimilability of lactose-with the aid of 
the auxanographic method gave a clearly positive result with Blasto- 
dendrion intermedium which is a contirmation of the observation of 
LANGERON and GUERRA (l.c.). The two other species were completely- 
negative in this respect. 

The results obtained in the growth experiments with quantitative 
determination of the lactose are collected in Table II. 

It should be added that a special control experiment showed that 
no lactose disappeared in a non-inoculated yeast water lactose medium 
incubated at 30° C. for 16 days. 

From Table II it is evident that the non-lactose-fermenting yeast 
Blastodendrion intermedium consumes under aerobic conditions quite 
a considerable amount of lactose. It further appears, that neither the 


1) The same cannot be said for the results published by HooGERHEIDE 
in his thesis (12) regarding Torulopsis dattila. HOOGERHEIDE reports 
here that for this species too he did not observe maltose respiration. 
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Table IT. 


Lactose consumption in growth experiments with non-lactose-fermenting yeast species. 


The initial reducing power of the yeast water present in the culture media was equivalent to 20 mg lactose, the 
initial reducing power of the lactose-containing media was equivalent to 1468 mg lactose; each culture flask, therefore, 
initially contained 1448 mg lactose. 


After 16 days incubation at 30°C. | After 35 days incubation at 30°C. 


Reducing 
power *) 
of the 
medium 


Yeast species 


Lactose | Lactose | Lactose | Reducing} Lactose | Lactose | Lactose 
remaining} consumed| consumed] power *) remaining| consumed| consumed 
inmedium| in mg | in % of | of the i in, Wok 
initial medium initial 
amount 


Blastodendrion intermedium 
Saccharomyces carlsbergensis . . 1448 
Saccharomyces cerevisiae... . 1438 


Lil 


Control with lactose-fermenting 
yeast: Saccharomyces fragilis . 20 


1) In this table reducing power is always 


1428 20 1.4 1456 1436 12 0.8 
1418 30 2.1 1449 1429 19 1.3 
0 1448 | 100.0 | — | ~ | — | — 


expressed as mg lactose. 
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bottom yeast species, Saccharomyces carlsbergensis, nor the top yeast, 
Saccharomyces cerevisiae, is able to consume lactose to any appreciable 
extent, even although the experiments were extended over 35 days. 
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Fig. 12. Saccharomyces carlsbergen- 
sis — Respiration with glucose, 
with lactose, and without substrate. 
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Fig. Blastodendrion 
dium — Respiration with glucose, 
with lactose, and without substrate. 
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Fig. 13. Saccharomyces cerevisiae — 
Respiration with glucose, with 
lactose, and without substrate. 


These results should be considered 
in connection with the observations 
made by HoFMANNand by PASTEUR 
referred to in Chapter 1. 

A discussion of these results 
will, however, be postponed to 
Chapter 6. 


ec Respiration. 

The results obtained in the 
investigation of the suitability of 
lactose as a substrate for the 
respiration of the various yeast 
species are collected in Fig. 12—14. 

As will be seen from the graphs 
12 and 13, the results for Saccharo- 
myces carlsbergensis and Saccharo- 
myces cerevisiae are in substantial 
agreement with what might have 


been expected on the basis of the results obtained in the assimilation 
experiments. In the first place it may be remarked that the lactose 
preparation used is only slightly contaminated with easily oxidizable 
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impurities: the respiration rate in the 1% lactose medium being during 
the whole period almost equal to that which is observed in the experi- 
ment without lactose addition. At the same time this offers proof that 
lactose is unsuitable as a respiration substrate for these two species. 

On the contrary the result obtained with Blastodendvion intermedium 
is quite unexpected, in so far as the rate of respiration is not at all in- 
creased by the addition of lactose. With a view to the fact. that this 
sugar is readily assimilated (Cf. Table II) this result is surprising. We 
shall return to this question in Chapter 7. 

A further discussion of the results obtained with the non-lactose- 
fermenting yeast species will also be postponed to Chapter 6. 


5. RESULTS OBTAINED WITH THE NON-SACCHAROSE- 
FERMENTING YEAST SPECIES. 

In the following an account will be given of the behaviour of the 

various yeast species enumerated in the list given in Chapter | under C. 


a. Fermentation. 

The results obtained in the tests for the fermentation of saccharose 
by the various yeast strains differ markedly from the corresponding 
results reported in the two foregoing chapters. 

The remarkable fact presented itself that we could only confirm for 
one species, viz., the also non-maltose-fermenting Torula monosa, the 
statement that this species does not ferment saccharose. With the 
eight other strains for which the same behaviour has been claimed 
in literature we have observed a weak, yet unmistakable fermentative 
power towards this sugar. 

It may be remarked by the way that all these spécies — with the 
exception of Mycocandida parakruset and Brettanomyces anomalus — 
are characterized by the fact that they ferment maltose quite vigorously. 
This fact is suggestive in connection with WEIDENHAGEN’s well-known 
theory on the close relationship between maltase and saccharase (34). 

There is, however, a rather considerable difference between the va- 
rious species with regard to the intensity with which they ferment sac- 
charose, as may be derived from the fact that in some cases the fer- 
mentation could only be demonstrated with the aid of part of the four 
methods applied in the investigation. 

We shall, therefore, give here a short survey of the ways in which 
each of the supposedly non-saccharose-fermenting species behaved in 
the various tests. 
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1. Saccharomyces italicus. Although CASTELLI (L.c.) states quite 
explicitly that this yeast does not ferment saccharose, we have been 
able to demonstrate fermentation with all four methods applied. It 
is true that in the beginning the results in the Einhorn tubes were 
negative — which sufficiently explains CASTELLI’s results —, but this 
situation changed as soon as we made some tests with especially heavy 
inoculations. By also applying the shaking technique regularly, quite 
strong carbon dioxide evolution could be observed within 4—6 days. 
Tests in Struyk flasks were also always positive, provided heavy 
inoculations were applied. 

In agreement herewith the yeast also gave positive results in the 
quantitative apparatus, in so far as in a solution of 2% glucose + 2% 
saccharose in yeast water always an excess of carbon dioxide was pro- 
duced over the amount produced in a solution of 2°%% glucose in yeast 
water. It should be added, however, that in no case a quantitative fer- 
mentation of the saccharose could be attained. It was further found 
that the excess of gas produced in the saccharose-containing medium 
depended on the strength of the inoculation. 

The manometric method also yielded a positive result which was 
quite marked, when a higher yeast concentration was used 4), as may 
be seen from Fig. 15. 
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Fig. 15. Saccharomyces italicus — Wig. 16. Brettanomyces anomalus — 
Fermentation of saccharose, and Fermentation of saccharose, and 
in the absence of substrate. in the absence of substrate. 


1) In all the manometric experiments on saccharose fermentation 
reported in this chapter this high yeast concentration has been applied. 
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2. Brettanomyces anomalus. On the whole this species behaved like 
Saccharomyces italicus. In the Einhorn tubes the results were fully 
negative as long as the standard method was strictly adhered to. 
However, when applying abnormally heavy inoculations and the shak- 
ing technique a weak evolution of carbon dioxide could be observed. 
Also in the Struyk tlasks a weak fermentation occurred, provided 
heavy inoculations had been made. 

In the quantitative apparatus, using a solution of 2°%% glucose + 2% 
saccharose a complete fermentation of the saccharose could be obtained. 

Also the manometric method gave a strongly positive fermentation, 
as may be seen from Fig. 16. 

3. ,,Torula species CLAUSSEN’’. This strain also gave weakly positive 
results in all tests. In the quantitative apparatus only a small part of 
the saccharose added was fermented. The manometric method was, 
however, quite decisive in demonstrating fermentation, as may be 
judged from Fig. 17. 
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Fig. 17. Torula spec. CLaussEN — __ Fig. 18. Mycotorula albicans (strain 
Fermentation of saccharose, and 493) — Fermentation of saccharose, 
in the absence of substrate. and in the absence of substrate. 


4. Mycotorula albicans (strain 493). This strain gave, albeit very 
weakly, positive results both in Einhorn tubes and in Struyk flasks. 
However, in the quantitative apparatus no fermentative power towards 
saccharose could be ascertained. On the contrary the manometric 
method again revealed a weak but unmistakable fermentation, as may 
be seen from Fig. 18. 

5. Mycotorula albicans (strain Levy) showed a behaviour which is in 
substantial agreement with that of the preceding strain. However, 


144 A. J. Kluyver and M. Th. J. Custers, 


there were slight differences in so far as the fermentation both in the 
Einhorn tubes and in the Struyk flasks was more marked, whilst also 
in the quantitative apparatus a slight, although unmistakable, fer- 
mentation of the saccharose took place. 

6. Mycotorula albicans (strain: 417a SABOURAUD) behaved exactly 
like the foregoing strain. 

7. Mycocandida parakrusei. Our first impression of the behaviour of 
this yeast was that it shared with Torula monosa the property of being 
incapable of fermenting saccharose under all conditions. However, it 
drew the attention that in the long run a small gas bubble could always 
be observed in the closed arm of the Einhorn tube. This induced us to 
prolonge the time of observation in the various tests, and this led to the 
result that after 15 days in the Struyk flasks always a quite marked 
fermentation occurred. The possibility of a retarded contamination 
could be excluded with certainty, and the phenomenon could be 
reproduced at will. On the contrary all attempts to ascertain fermen- 
tation of saccharose in the quantitative apparatus were unsuccessful. 
With the manometric method the results at first were negative, how- 
ever, later when the experiments were repeated with a higher yeast 
concentration there was an unmistakable fermentation, as may be 
seen irom Hig. 19, 
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Fig. 19. Mycocandida pavakrusei — Fig. 20. Schizosaccharomyces octo- 
Fermentation of saccharose, and sporus — Fermentation of saccha- 
in the absence of substrate. rose, and in the absence of substrate. 


8. Schizosaccharomyces octosporus. In good agreement with BEIJE- 
RINCK’s explicit statements the tests in the Einhorn tubes and in the 
Struyk flasks were completely negative, although these tests were 
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repeated several times. In contrast hereto the investigation in the 
quantitative apparatus showed an unmistakable fermentation, as 
appears from the figures for earbon dioxide production given below. 
In order to make sure that the fermentation of the saccharose was not 
due to a previous inversion during the sterilization of the medium, a 
parallel test was made with Torula monosa. 


| Yeast water Yeast water 
2% glucose 2% glucose + 2% saccharose 


Schizos. octosporus . . 4.7 cc 6.4 cc 
” ” ° . = 9.1 ce 
Torula monosa ~. . . 4.8 cc 4.8 cc 


Characteristic of the saccharose fermentation by Schizos. octosporus 
is the considerable disagreement between the duplicate tests, a phe- 
nomenon which was also encountered in a control experiment. Ob- 
viously the amount of carhon dioxide produced from the saccharose is 
largely dependent on the strength of the inoculation. It should be 
remarked that, whilst the fermentation of the glucose was already fi- 
nished after 2 days, the fermentation of the saccharose proceeded quite 
slowly; the gas volumes given are those which were read after 6 days. 

The manometric method also revealed a distinct fermentative 
power, as may be seen from Fig. 20. 


bn ss5 70 i 2 tion. 

The qualitative test for the assimilability of saccharose with the 
aid of the auxanographic method gave for all species.tested, with the 
exception of Torula monosa, positive results. It should, however, be 
added that the saccharose auxanograms of Schizosaccharomyces octo- 
sporus and Saccharomyces italicus were very weak. With the latter species 
more success was obtained by using very heavy inoculations, and on. 
application of the ,,gutter’’ method described in Chapter 2. 

The results obtained in the growth experiments with quantitative 
determination of the saccharose are collected in Table III. 

It should be added that a special control experiment showed that 
no saccharose was inverted in a non-inoculated yeast water saccharose 
medium incubated at 30°C. for 35 days. 

From Table III it is evident that all the strains investigated, with 
the exception again of Torula monosa, consume saccharose under 
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aerobic conditions quite readily. The only remark to be made is that 
for Schizosaccharomyces octosporus it proved necessary to apply a 
heavy inoculation with a young and vigorous culture. 


e Kespirat ion. 

The results obtained in the investigation of the suitability of sac- 
charose as a substrate for the respiration of the various yeast species 
are collected in Fig. 21—27. 
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Fig. 21. Torula monosa — Respi- Fig. 22. Mycotorula albicans (strain 


ration with glucose, with saccha- 493) — Respiration with glucose, 
rose, and without substrate. with saccharose, and without sub- 
strate. 
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Fig. 23. Torula spec. CLAUSSEN —- Fig. 24. Mycocandida pavakvyuset — 
Respiration with glucose, with Respiration with glucose, with 
saccharose, and without substrate. saccharose, and without substrate. 
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Fig. 25. Schizosaccharomyces octo- 

sporus — Respiration with glucose, 

with saccharose, and without sub- 
strate. 
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Fig. 27. Saccharomyces italicus — 
Respiration with glucose, with sac- 
charose, and without substrate. 
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Fig. 26.:Brettanomyces anomalus — 
Respiration with glucose, with 
saccharose, and without substrate. 


As will be seen from these graphs, 
the results substantial 
agreement with what might have 
been expected on the basis of the 
results obtained in the assimilation 
experiments. Evidently all strains, 
with the exception of Torula 
monosa, are able to use saccharose 
as a respiration substrate. 


are in 


If we try to summarize briefly 
the results reported in this Chapter 
it should be stated that we have 
encountered one species, v?z., 
Torula monosa, which under all 
conditions does not attack saccha- 


rose. For all other species it has 


been found, however, that the statements in the literature according 
to which they do not ferment saccharose cannot be maintained. 


A weak fermentative power towards this sugar is undoubtedly 


present, and this fact seems significant for an interpretation of the 
marked ability of these yeasts to attack this sugar under aerobic con- 


ditions. 


In the next Chapter, in which also the results obtained with the non- 
maltose-fermenting and the non-lactose-fermenting yeasts will be 
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considered, we shall enter into a more detailed discussion of this si- 
tuation. 


6. DO ASSIMILATION AND RESPIRATION OF UNFER- 
MENTABLE DISACCHARIDES PROCEED WITHOUT 
PREVIOUS HYDROLYSIS? 

In surveying the experiments dealt with in the 3 preceding chapters 
one result is quite conspicuous, namely, that a full confirmation has 
been obtained of the mostly very casual reports of earlier authors 
that certain yeasts have the ability to assimilate and to oxidize disac- 
charides which they do not ferment. 

As has been remarked in Chapter | such a result cannot easily be 
understood. Until now it has quite generally been accepted that the 
inability of a yeast species — which ferments glucose — to ferment 
disaccharides like saccharose, maltose and lactose offered definite proof 
that these organisms do not contain the corresponding specific hydrola- 
ses, 1n casu saccharase, maltase and lactase. This conclusion stands to 
reason, since, if these hydrolases were present, and thus glucose would 
be split off, the disaccharides should also give rise to fermentation. 

On the other hand it cannot be denied that the acceptance of the 
view that these disaccharides are assimilated and oxidized without 
previous hydrolysis meets with serious difficulties, as has already been 
set forth in Chapter 1. These difficulties are of such a grave nature that 
we do not hesitate to reject this idea. 

Is there any possibility to escape from this impasse ? 

Now it seems to us that the results obtained in the investigation of 
the supposedly non-saccharose-fermenting yeasts lead the way to a 
better understanding. Here we have definite proof that the well- 
developed ability to assimilate and oxidize saccharose is accompanied 
by a weak, but in many cases quite distinct fermentative power to- 
wards this sugar. In these cases we have, therefore, more or less 
definite proof that the yeasts in question contain the corresponding 
hydrolase, the saccharase. For these species it is, therefore, not sur- 
prising that especially in experiments of long duration they are able to 
consume considerable amounts of saccharose. 

Taking into account the difficulties connected with the demonstra- 
tion of the saccharose-fermenting power — which explains the op- 
posite reports of the earlier investigators — one can, however, not 
escape the conclusion that the activity of the saccharase is much greater 
under aerobic than under anaerobic conditions. In other words the facts 
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described point to the probability that under anaerobic conditions an 
inactivation of the saccharase, in this case only partial, occurs. 

Once accepting this idea, it is tempting to apply this principle also 
to those cases in which assimiiation and oxidation of a disaccharide 
takes place, although this sugar is not fermented at ail. Here we must 
then conclude that under anaerobic conditions a cornplete inactivation 
of the hydrolase occurs. 

It will not need comment that the views exposed above are quite 
contrary to current opinion. For instance we do not think that many 
investigators are willing to subscribe to the opinion that certain yeasts 
which do ferment glucose, but do not ferment maitose, nevertheless 
contain maitase which is completely inactivated under the conditions 
of fermentation, 7.e., under strictiy anaerobic conditions. 

We have, therefore, realised that it was necessary to support the 
hypothesis put forward in the foregoing considerations by more direct 
experimentai evidence which is reported below. 

The experiments made in order to arrive at a better understanding 
of the phenomena described in the preceding chapters have been chiefly 
made on Torulopsis dattila. The choice of this species seemed especially 
suitable, since in almost 20 years ot biochemical sugar determination 
in this laboratory this yeast has ampiy proved its lack of ability to fer- 
ment maltose, whilst on the other hand both HOEKE’s experiments and 
our own leave no doubt that it attacks maltose under aerobic conditions 
quite readily. 

We have now set it our task to give proof that the last mentioned 
quality is due to the presence of a non-negligible amount of maitase 
in the yeast-which, however, is inactivated under anaerobic conditions. 

Taking into account that Torulopsis dattila is a strongly fermenting 
species which with glucose as a substrate shows a marked aerobic fer- 
mentation (12), it seerned possible that the maltase activity under 
aerobic conditions wouid be sufficiently large to yield also an aerobic 
fermentation with maltose as a substrate. If this would be the case 
direct proof would have been given that this supposedly non-maltose- 
fermenting yeast can actualiy ferment maltose, if only the inactivation 
of the maltase by the anaerobic conditions is avoided. 

The experiment made to test this question has been reproduced in 
Fig. 28. : 

In this experiment the difference between the amount of carbon 
dioxide produced and the amount of oxygen consumed undoubtedly 
surpasses the limits of the experimental errors. We may, therefore, 
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Fig. 28. Torulopsis dattila — Aero- Fig. 29. Torulopsis dattila — In- 
bic fermentation of maltose. creased aerobic fermentation of 
maltose. by addition of cysteine. 


conclude to the occurrence of a distinct aerobic fermentation of maltose. 

Encouraged by this result we have considered the possibility of 
increasing this aerobic fermentation of maltose by Torulopsis dattila. 
Hereto it was indicated to eliminate the PASTEUR-MEYERHOF effect by 
specific inhibition of the respiration. 

We, therefore, decided to study the influence of increasing amounts 
of KCN on the aerobic fermentation of maltose. Here, however, we met 
with serious difficulties. 

The low values of the respiration and the aerobic fermentation in a 
maltose medium made it necessary to continue the measurements over 
a period of at least three to four hours. Now it appeared that during 
the experiments the concentration of HCN in the medium — this time 
a phosphate buffer pH = 5.9 was used — decreased markedly in those 
vessels in which- KOH was present for the carbon dioxide absorption. 
A lowering of the concentration of the KOH to 2.5% did not eliminate 
this trouble. Under these conditions it was impossible to measure the 
gas metabolism accurately. Nevertheless the expected effect could be 
clearly established in a qualitative way. It was found, namely, that at 
the lower concentrations of KCN, in the vessels without KOH the mano- 
meter indicated a marked increase in pressure, whilst in the experiment 
to which no KCN had been added a decrease in pressure —— in accor- 
dance with the low value of aerobic fermentation — occurred. This 
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can only be due to the fact that the aerobic fermentation was increased 
by the KCN addition ?). 

Since, however, for the reason outlined above no measurements 
of the change in gas metabolism could be made, we have undertaken 
a series of experiments, in which cysteine instead of KCN has been 
used. As has been shown by QuasTEL and WHEATLY (24), by HooGEk- 
HEIDE (l.c.) and others cysteine also inhibits the reaction of PASTEUK- 
MEYERHOF, and since this compound is not volatile, its use in experi- 
ments ot longer duration seemed especially promising 2). The results 
obtained in this series of experiments are collected in Fig. 29. 

Fig. 29 shows that the addition of suitable amounts of cysteine 
results in an immediate occurrence of a quite pronounced aerobic 
fermentation. Here we have, therefore, conclusive proof that the sup- 
posedly non-maltose-fermenting yeast, Torulopsis dattila, is able to 
ferment maltose. 

This result is especially striking, if one compares it with the fully 
negative result of the fermentation experiment under anaerobic con- 
ditions as reproduced in’Fig. 1. 

For us the results of the cysteine experiments is equivalent to a de- 
monstration of the presence of maltase in this yeast, since we have al- 
ways been unable to understand what other investigators mean when 
they defend the thesis of a so-called ,,direct fermentation’ of maltose 
(Cf. for instance (20)). In our opinion this term should imply that in 
the fermentation of this disaccharide intermediate compounds with a 
number of C atoms between 7 and 11, and still containing the oxygen 
bridge of the maltose, will occur. Experimental evidence seems to be 
quite opposed to this supposition. 

Leaving aside this problem, we have felt it desirable to give more direct 
proof for the presence of maltase in this non-maltose-fermenting yeast. 


') The increase in pressure observed in the vessels with KCN is not 
due to a volatilisation of the HCN from the medium, as might be sup- 
posed. A simple calculation showed that the increase observed greatly 
surpassed the increase which would occur, if all the HCN added would 
have appeared in the gas phase. 

*) In a recent paper KirBy, Dritt and FRry (14) give results from 
which it is concluded that the effect of cysteine on aerobic fermentation 
is mainly due to H,5 arising from the action ot yeast on this compound, 
Although in our case this possibility is quite immaterial, we have repeated 
some experiments with a lead nitrate solution in the well, in the way as 
described by the said authors. In the case of T. dattila no appreciable ef- 
fect of this measure could be observed. 
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It seemed indicated to apply hereto the method designed by WILL- 
STATTER and BAMANN (36) for the estimation of maltase in maltose- 
fermenting yeasts. 

Before giving here a survey of the results obtained a few general 
remarks should be made regarding the reliability of the usual methods 
for the demonstration of hydrolases in living cells. Usually these me- 
thods are very simple. Either the living cells as such, or dried prepara- 
tions made from these are brought in a medium containing a phosphate 
buffer and the substrate to be tested, whilst at the same time a narcotic 
like toluene, chloroform or ethyl acetate is added. The narcotic should 
then completely inhibit the oxidoreductive removal of the products 
formed in the hydrolysis of the substrate, whilst the hydrolases them- 
selves are insensitive to narcotic action. The products of the hydrolysis 
can then usually be detected without difficulty either by means of 
the polarimetric, or of a chemical method. 

Now these methods are very useful, but there is one source of error 
which is too often neglected. Non-microbiologically trained investi- 
gators never consider the possibility that, notwithstanding the presence 
of a narcotic of the type referred to, such a medium can give rise to the 
development of contaminating micro-organisms which may seriously 
interfere with the results of the test. We have actually observed that 
this danger is quite real, in so far that in a maltose phosphate medium 
in the presence of toluene and ethyl acetate a quick development of 
lactic acid bacteria took place within 16 hours at 30°C., if ordinary 
bakers yeast of a high quality was added to the medium. In this 
case part of the glucose formed by the maltase of the yeast had been 
consumed by the bacterium. 

In other cases in which the test organism does not contain maltase, 
it is quite conceivable that a contaminating organism may be respon- 
sible for the disappearance of maltose. 

These short remarks may suffice to explain why in our opinion tests 
for the presence of hydrolases should always be accompanied by a rigid 
bacteriological examination of the medium at the end of the experiment. 
To us it is not doubtful that HorMANN’s demonstration of the presence 
of lactase in brewers bottom yeast — which is quite contrary to our 
experience as described in chapter 4 — must be ascribed to the fact 
that this author employed technical samples of this yeast in stead of a 
pure culture. His remark that this yeast initially only contained very 
few bacteria is of no importance, since in the long duration of his 
experiments an accumulation of one or more contaminating organisms 
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will certainly have occurred. Also in the work of many other in- 
vestigators, neglect of this point of view will to all probability have of- 
ten given rise to incorrect conclusions. 

It will be superfluous to state here explicitly that in our own ex- 
periments for the demonstration of hydrolases full attention has been 
given to this question. 

As for the demonstration of maltase in Torulopsis dattila the tollowing 
can be reported. 

The yeast was grown on malt agar plates. After incubation at 30°C. 
for two days the cells were scraped from the plates and washed. After 
centrifugation about 3 cc ethyl acetate and 10 drops of toluene were 
added to 12 grams of moist yeast. After 10 to 15 minutes standing 
at 30°C. the yeast was transported into 150 cc phosphate buffer 
pH = 7.2 to which 5% maltose was added. Both at the beginning of 
the experiment and at the end — after 23 hours — 30 cc of the medium 
was taken for analysis and mixed with 6 cc of a 2 n solution of sodium 
carbonate, in order to stop the reaction and eliminate mutarotation. 
Hereupon the yeast was removed by centrifugation, and in the clear 
solution both the optical rotation and the reduction of Fehling’s solu- 
tion were determined. 

It was found that the optical rotation had decreased from 10.39° 
to 9.78°, whilst the Fehling reduction showed an almost corresponding 
increase. The polarimetric determinations indicated that 10.0% of 
the maltose initially present had been hydrolized into glucose. On the 
basis of the chemical determination the hydrolysis was found to be 
11.9%, an agreement which may be deemed quite satisfactory taking 
into account the errors inherent in the determinations. 

We may consider these results as a definite proof that the non- 
maltose-fermenting yeast Torulopsis dattila indeed contains a certain 
amount of maltase, the activity of which is then obviously fully lamed 
under anaerobic conditions. 


The above mentioned observations regarding Torulopsis dattila 
make it extremely probable that the same situation will hold in the 
case of the abnormal behaviour of all yeasts which attack disaccharides 
under aerobic conditions, and yet either do not at all ferment these 
sugars, or do so only very weakly. This means that the anomaly in 
question is due to the fact that these species only contain such small 
- quantities of hydrolases that the capacity of these primary catalytic 
agents limit the rate of respiration and of fermentation, whilst, more- 
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over, under anaerobic conditions a more or less complete inactivation 


of these catalysts takes place. 
It would have led us too far to 


zive complete experimental proof 


for the correctness of this extrapolation. We have restricted ourselves 


to a few test cases, about which we will briefly report in the following. 


For the non-maltose-fermenting and ——- according to the data in litera- 


ture — non-saccharose-fermenting species, Mycocandida parakruset, 
we have first established that an aerobic fermentation indeed occurs 


with both maltose and saccharose, as is clearly shown in Fig. 30 and 31. 


Fig. 30. Mycocandida parakruset — 
Aerobic fermentation of maltose. 
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Fig. 32. Torulopsis utilis — Aerobic 


fermentation of maltose. 
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Fig. 31. Mycocandida pavakruset — 
Aerobic fermentation of saccharose. 

However, attempts to increase 
this aerobic fermentation by the 
addition of cysteine were unsuc- 
cessful. There was a marked pro- 
duction of H,S from the cysteine, 
but remarkably the respiration 
was not inhibited. 

The presence in this yeast of a 
small amount of saccharase could 
be demonstrated in a direct way 
with the aid of the method of 
WILLSTATTER, SCHNEIDER and 
BAMANN (35). A slight but unmis- 
takable inversion of the saccharose 
was observed. 

Although with some difficulty 
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the presence of maltase in this yeast could also be demonstrated. 

As for Saccharomyces italicus we have been able to prove the pre- 
sence of a slight amount of saccharase. 

For Torulopsis utilis we have confined ourselves to a demonstration 
of a non-negligible amount of aerobic fermentation of maltose, as is 
shown in Fig. 32. 

Although in this experiment the difference between the amounts 
of carbon dioxide produced and of oxygen consumed is only small, 
it undoubtedly surpasses the limits of the experimental errors. 

Finally we have confirmed the earlier observation of HOFMANN 
regarding the presence of saccharase in Schizosaccharomyces octosporus. 


7. ADAPTATION AS A FACTOR INFLUENCING THE BE- 
HAVIOUR OF THE YEASTS IN THE VARIOUS TESTs: 

In the preceding chapter we have given several arguments in favour 
of the view that, if a certain yeast species which does not ferment a 
disaccharide, nevertheless, is able to assimilate such a sugar, this is 
due to the circumstance that the yeast in question does contain a small 
amount of the corresponding hydrolase which, however, is inactivated 
under anaerobic conditions. A strong support for this idea is that for 
all yeast species which assimilate saccharose, but supposedly do not 
ferment this sugar, it could be shown that in reality they have a slight 
fermentative power towards saccharose. Here we must, therefore, con- 
clude that there is only an incomplete inactivation of the saccharase 
by the anaerobic conditions. 

On the basis of these assumptions on the whole a satisfactory ex- 
planation of the various phenomena observed could be given. 

However, there are a few observations which seemed not to be in 
full agreement with this theory. In this respect we wish to draw atten- 
tion to the following points. 

In reviewing the various fermentation tests it is clear that a given 
yeast species does not in all cases behave in the same way. There are 
instances in which the Einhorn tubes and the Struyk flasks indicated 
fermentation, whilst in the quantitative apparatus no fermentation of 
the disaccharide occurred. In the case of the saccharose fermentation by 
Schizosaccharomyces octosporus the opposite behaviour was observed. 

Now this divergence must certainly be partly ascribed to the dif- 
ferent growth conditions prevailing in the various apparatuses. How- 
ever, in certain cases one gets the impression that the cells of one and 
the same yeast show a different behaviour depending on their previous 
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history. In our trend of thought this should mean that the amount of 
hydrolases present in the cells of such a yeast may appreciably vary, 
or in other words that we are dealing here with a process of adaptation. 

In the same way adaptation may well be responsible for some 
anomalies observed in the behaviour of certain yeast species under 
aerobic conditions. 

We refer here to the fact that Blastodendrion intermedium did not 
show oxidation of lactose with the manometric method, although 
both the qualitative auxanographic method and the quantitative 
growth experiment gave clearly positive results. 

Likewise Schizosaccharomyces octosporus showed only a very weak 
oxidation of saccharose with the WaRBuRG technique, although — 
using strong inoculations — the saccharose consumption in the growth 
experiments was very marked: 

Finally, in the case of Saccharomyces italicus we met with con- 
siderable difficulties in our attempts to obtain a positive saccharose 
auxanogram. Nevertheless, the growth experiments gave proof that 
saccharose was nearly quantitatively consumed within a short time. 

These observations also strongly suggested that adaptation was 
mainly responsible for these anomalies. 

Now it is well known that there exists an extensive literature on the 
subject of enzymatic adaptation, for which we refer here to the recent 
review of KARSTROM (13). Especially for many hydrolases it has been 
shown that they belong to what KArsTROm has called ,,die nicht aus- 
gepragt adaptiven Enzyme’, in so far as these enzymes are usually 
produced in slight quantities under very different nutritional conditions, 
but in larger amount, if the cells have grown in the presence of the 
specific substrate. 

Accepting this to be the case also in our experiments, it is only 
logical to assume that the adaptation will occur to a quite different 
degree under the different conditions of the various tests. 

We have set it our task to submit this adaptation hypothesis to an 
experimental test. 

Since in all our experiments the yeast had been cultivated on malt 
agar, containing a high content of maltose, no success could be ex- 
pected from adaptation experiments on maltase production. In this 
respect, it is significant, that with maltose as a substrate the various 
tests showed a quite satisfactory agreement. 

Therefore, only adaptation experiments with saccharose and lactose 


-seemed to offer prospects. 
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In the first place we have cultivated Blastodendrion intermedium on 
a medium consisting of yeast extract agar with 2° lactose. The growth 
of the yeast was very satisfactory. With the cells obtained from the 
lactose plates a respiration experiment in the Warburg vessel was made. 
The results are reproduced in Fig. 33. 
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Fig. 33. Blastodendrion intermedium 
— Respiration with glucose, with 
lactose, and without substrate. 
Allafter adaptation to lactose. 


Fig. 34. Schizosaccharomyces octo- 
sporus — Respiration with glucose, 
with saccharose, and without sub- 
strate. All after adaptation to 


saccharose. 


We see that with the ,adapted” yeast there is a quite unmistakable 
respiration with lactose as a substrate, whilst in the case of the 
,unadapted”” yeast no such a respiration could be established (Cf. 
Fig. 14). 

In the same way we have tested the possibility to adapt Schizo- 
saccharomyces octosporus to saccharose. Whilst we have seen that with 
the ,unadapted” yeast cells from malt agar the respiration with sac- 
charose was only very weak and remained far below the respiration 
with glucose (cf. Fig. 25), we find that the ,adapted” cells show an 
equal rate of respiration with both sugars, as is clearly shown by Fig. 
34. 


8. FINAL DISCUSSION. 

An analysis of the results reported in the preceding chapters leads 
to the conclusion that all yeasts which assimilate and oxidize disacchari- 
des assumed to be unfermentable, nevertheless contain in greater or 
lesser quantity the corresponding hydrolases. However, under anaero- 
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bic conditions these hydrolases are inactivated either completely, or 
at least to such an extent that the fermentability of the disaccharide is 
not detected by the relatively insensitive routine methods for the 
determination of this property. 

It will be clear that this conception removes the ditficulties inherent 
in the at first sight quite abnormal behaviour of the yeast species in 
question, a behaviour which seemed to suggest that disaccharides were 
assimilated and oxidized without previous hydrolysis. 

By establishing that certain yeast species do not at all ferment a 
disaccharide, although the corresponding hydrolase has been definitely 
shown to be present in the cells, the conclusion seems warranted that 
this hydrolase is in some way completely inactivated by the anaero- 
biosis. However, the question of the way in which this inactivation takes 
place, remains to be answered. 

In principle two possibilities ask for. consideration. 

Firstly it does not seem excluded that under anaerobic conditions 
the substrate —- im casu the disaccharide —— is for some reason or 
other unable to get access to the hydrolase, thus dooming the latter to 
inactivity. Dixon (7) has forwarded a similar explanation for the so- 
called PAsTEuUR-effect by assuming that the action of oxygen consists 
in a decreased accessibility of the glycolytic and respiratory enzymes to 
glucose, or in other words that oxygen would decrease the permeability 
of the cell for this substrate. 

In our case an explanation of the inactivation of the hydrolases on 
the basis of such a conception would involve the acceptance of exactly 
the opposite effect, viz., a decrease in permeability of the yeast cell for 
special disaccharides in consequence of the removal of oxygen. 

However, many reports in literature are in favour of D1xon’s as- 
sumption that exclusion ot oxygen tends to increase the permeability 
of the cell. In his doctorate thesis BuLt (2) cites several instances 
where such an increase of permeability was encountered in the case of 
animal cells. In the meantime the recent investigations of Arisz and 
his collaborators — we refer here only to a recent survey of this work (1) 
—- give clear proof that generalization in this respect is not at all 
allowed. In several cases the said investigators could observe that 
the uptake of various substances by plant cells was strictly bound to 
the presence of oxygen. Yet one should not loose sight of the fact that 
these results were obtained with cells deprived of any anaerobic dis- 
similatory power. Therefore, the case may be quite different for the 
facultative anaerobic yeast cells. 
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On considering our special case attention should be drawn to the 
following. Some time ago RUNNSTROM (28) and collaborators have 
claimed to have given experimental proof for a strong increase in 
permeability of yeast cells under anaerobic conditions as compared 
with aerobic conditions. However, in a quite recent publication of 
RUNNSTROM, BorEI and SPERBER (29) this statement has been 
withdrawn, and a different interpretation of the observed facts has been 
announced. 

We must, therefore, conclude that the question of the influence of 
oxygen on the permeability of yeast cells has not yet definitely been 
settled. 

Nevertheless, it is difficult to conceive that anaerobiosis should 
decrease the permeability of the yeast cells for the disaccharides under 
consideration. For these cells show a normal PasTEeur-effect with 
glucose or well-fermentable disaccharides as substrates, proving that 
by withdrawal of oxygen the permeability for these sugars either 
remains unchanged, or even — according to Drxon’s conception — is 
considerably increased. Now, it seems extremely improbable that the 
cells behave quite differently towards supposedly unfermentable di- 
saccharides as towards the other sugars mentioned. 

On rejecting the permeability hypothesis we have to accept the se- 
cond possibility, viz., that the inactivation is due to a reversible change 
of the catalyst itself. Taking into account that withdrawal of oxygen 
inevitably leads to an increase in the state of reduction in, the interior 
of the cell, it is only logical to assume that the said change is connected 
with a reduction process. 

Until now no evidence for the idea that carbohydrases are inactivated 
by reducing agents is available. Yet it should be remembered here that 
for another group of hydrolases, namely for various proteinases, it 
has clearly been shown that the state of reduction greatly affects their 
activity. We only refer to the well-known case of papaine, and to that 
of the various kathepsines. 

It will be remarked, however, that we are dealing here with quite 
the opposite case, in so far as reduction increases the activity of these 
enzymes which even can be completely — but reversibly — inactivated 
by oxidation. Yet this behaviour of many proteinases need not be in- 
compatible with our idea that reduction leads to inactivation of car- 
bohydrases present in the living cell. On the contrary, it seems quite 
possible that the increased state ot proteolysis which is characteristic 
for the cell under anaerobic conditions is the very cause of the intra- 
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cellular inactivation of the carbohydrases which too are proteins, or 
at least contain proteins as main components. 
It is obvious that only further investigation can settle this question. 


We wish to thank here Mr. H. J. Puarr for his enthousiastic and 
able co-operation in the performance of the earlier part of the expe- 
rimental work reported in this paper. 
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RECORD OF A CASE OF PSITTACOSIS 
by 


H. VERVOORT anv A. CHARLOTTE RUYS 
(Received March 13, 1940). 


In a previous publication (3) we stated that we did not succeed 
in isolating the virus of psittacosis, neither from a collection of suspect- 
ed birds, nor from the sputum obtained during a light illness of one 
of the assistants, who worked in the same room where the birds were 
kept. When this paper was already in the press, however, the virus 
could be demonstrated in a passage obtained from the original mice 
inoculated with a suspension of the sputum. Smears made from the 
peritoneal fluid, the spleen and the pericardial fluid were positive. 
As conditions allowed a fairly complete examination of this case, we 
deemed it of possible interest to record our findings. 

Birds. A collection of ten budgerigars was bought at the market 
on February 27th, 1939, and kept to be used for experimental purposes 
in the yellow fever section of the laboratory. On March 2nd a bird 
fell ill and was found dead on the following morning. On March 6th 
a second bird fell ill, and was killed. At the post mortem examination 
both birds were found to be very skinny; no suggestive findings; spleens 
apparently not enlarged (3—4 mm); no virus found in smears. No 
microbes were ascertained at the examination of a culture of spleen- 
tissue on blood-agar. Mice inoculated with a suspension of the spleens 
remained in good health. They were killed after 10 to 19 days. No 
suspect findings. Several transmissions were made into other mice; 
the results remained negative. The remaining eight birds were kept 
under control in a screened part of the room. They looked healthy, 
the necessary precautions were taken, no masks were used. As there 
was no direct suspicion of psittacosis, the birds were used for experi- 
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ments with yellow fever virus in two batches of four each: respectively 
on March 20th and May Ist, 1939. 

The birds of the first batch were caught on ten subsequent days, 
and their blood tested during the period of March 21st to April 14th. 
One bird was droopy from April 10th to the 14th, but in good condition 
again afterwards. On May 2nd another bird showed the same symptoms, 
and on May 4th, the experiment beihg completed, the whole batch was 
killed. At the post mortem examination no suspect findings were 
ascertained, the birds were well fed, the spleens not enlarged, and there 
was no psittacosis virus in the smears. Six mice were inoculated with 
suspensions of the spleens and livers. Passages were made, but no virus 
was revealed. 

The second batch of birds remained healthy.and was used for 
experiments on May Ist; after which date the birds were not handled 
any more. They were killed on May 23rd; post mortem findings nega- 
tive; no virus in smears; inoculation into eight mice; no illness. Trans- 
missions proved negative. 

Personal. Two members of the staff, an adjunct assistant (J. H.) 
and a helper (J.J.J.), worked in the same room where the birds were kept 
during a couple of hours daily, at a table which was standing against 
the screened part of the room. On May 9th a blood sample was taken 
from both workers for the complement-fixation test, simply by way of 
control, and at the same time also from Mrs. V., who daily worked with 
infected mice. The adjunct assistant’s serum was positive, also 
the one obtained on May 19th @/,++++, 44,+++), (W. R. 
negative); while the other two serum samples were negative. 

On May 19th the adjunct assistant (J.H.) mentioned that he had 
been feeling unwell since a fortnight, and complained of a sore throat, 
which proved to be slightly red. Since two days he had had a headache, 
with pain in the loins and the back; a feeling like influenza. His 


temperature was not taken. He continued his daily work. His sputum 
was collected for inoculation into mice, and a desinfecting gargarism 
was prescribed. A smear from the sputum was determined as suspect. 
Two mice were inoculated with a suspension of the sputum in peptone- 
broth, after it had been centrifuged at moderate speed during fifteen 
minutes. The following day (May 20th), two other mice were inoculated 
with the same suspension that had been kept in the refrigerator over- 
night, and had been centrifuged again at 1500 r.p.m. during fifteen 
minutes. Passages were made from the first mice. In the case of this 
experiment pneumococcus infection in a high degree proved to be an 
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obstacle. On June 18ththe virus of psittacosis was revealed 
in smears made from the peritoneal and the pericardeal fluid, and 
from the spleen of a mouse inoculated with a mixed suspension of spleens 
from a mouse killed in the third passage and from one killed in the 
first passage. The transmissions are recorded in Table I. 

On June 19th J.H., whohadin the meantime recovered, again complain- 
ed of a sore throat. No suspect findings were ascertained, however. But 
in order to make quite sure, a second sample of his sputum was collected 
and a suspension inoculated into two mice on the same and following 
days, with negative results. On June 30th a third sputum test was made, 
without revealing the virus. 

The second member of the staff, (J.J.J.), felt ill on June 10th, 
z.e., sixteen days after the last batch of birds had been killed. He had 
to stay at home for a week. No virus was revealed inasample taken 
of his blood, nor in his sputum inoculated into mice. The results of the 
complement-fixation test carried out on June 26th and July 27th, 1939, 
were negative. 

On February 2nd, 1940 the complement-fixation test made with 
blood taken from both workers was negative (Table II). 

Comments. Though the results of the tests for the detection of 
psittacosis virus in the birds were negative, it is very likely that the 
latter were carriers of this virus. It is possible that the virus was too 
weak to develop in mice, or that it required special conditions to do so. 
Also transmissions from spleens of mice inoculated with three different 
strains, isolated from other birds and with a strain isolated from a fatal 
human case, for some reason or other proved unsuccessful on several 
occasions and did not reveal the virus. The human strain only became 
virulent in transmissions after nearly a year. At the 32nd passage in 
the white mouse, death occurred earlier and was stabilised at from 2 to 4 
days. The bird-strains were lost. As to the lower virulence, BURNET (1) 
made the same observation in respect of recently caught Australian 
birds, and MEYER and EpDIE (2) observed the same in freshly imported. 
Australian parrots. They found the complement-fixation test with 
serum taken from the birds of great value for detecting the existence of 
psittacosis among the birds. 

On the other hand, the strain isolated from the sputum of J.H. 
proves to be of a high virulence. It kills a mouse in two to five days. 
When examined with the naked eye, the post mortems often show 
, typical” pathological changes in a higher degree than in the case of 
our first isolated ,,RUys”’ strain. 
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J. H.’s illness was of a very mild nature, but the presence of the virus 
in his sputum, together with the positive complement-fixation test, 
which now again proved to be negative, support the diagnose. J.H. 
was only in contact with infected mice a year ago (May 1938). As 
it is impossible to fix the date of the infection between Febr. 27th 
and May Sth 1939, no suggestion can be made regarding the time 
of appearance of the positive complement-fixation test. 

It was by mere chance that we succeeded in isolating the virus 
and getting rid of the pneumococcus infection. As one of us inoculated, 
fed, cleaned and handled the mice himself, no mistake in connection 
with glass-containers or labels can have occurred. Moreover, the coin- 
cidence of the pneumococcus infection in every group of inoculated 
mice proves the origin of the infection. 

Discussion. This case of psittacosis infection should not be 
considered as a mere laboratory incident. What took place in the 
laboratory is a demonstration of what may happen in a family. A 
collection of birds is bought. Unfortunately, one or two of them 
fall ill, or die, a few days after the transport, but the remaining birds 
are healthy and the pride of their owners. On a certain day a member 
of the family, — most likely the one who takes care of the birds —, 
falls ill. It may be a slight cold, an affection of the throat, an attack 
of influenza, or even a severe pneumonia-like disease, from which it 
takes a long time to recover: it may also be fatal. May be only one 
member of the family is affected, may be more. And nobody has a 
notion of the fact that the cause of the disease entered the house 
together with the birds. This is just an example of what may happen, 
and a warning that there is always a risk in buying birds from an 
unknown source, ¢.g., at the market, especially when new specimens 
are added to an old stock of birds. 

The above case again proves that psittacosis infection must be 
endemic among home-bred birds, sold in Amsterdam. 

It also proves the weak nature of the virus and the difficulty of 
isolating it by inoculation into mice, and at the same time it confirms 
the value of the complement-fixation test for the recognition of 
human cases. 

It proves that a close co-operation between the physician and the 
laboratory, especially during the first days of the illness, is the only 
way to reveal the origin of the disease in time to prevent its spreading. 

It equally proves that in all fever cases, even light ones, when 
the patient has been in contact with birds that are not entirely 
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beyond suspicion, the possibility of a psittacosis infection should be 
considered. 


Sam ary. 


The above is a record of a very mild case of psittacosis infection, 
recognised as such only by means of epidemiological considerations, 
simplified by developments as these occurred before our eyes. The 
results of laboratory tests on material obtained from the birds and 
from a human case, are recorded. The possibilities of infection by 
apparently healthy birds are discussed. 
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LE LAIT COMME MILIEU DE CULTURE EN 
BACTERIOLOGIE 


par 


C. GORINI 
(Regu le 27 mars 1940). 


Pour un bactériologiste du lait la mémoire de LEEUWENHOEK est 
doublement vénérable: par la découverte du microscope et par la 
découverte des globules gras du lait (5). C’est pourquoi, désirant ré- 
pondre a la flatteuse invitation de collaborer a la suggestive revue ,,An- 
tonie van Lecuwenhoek”’, je me permets d’esquisser un éloge du lait 
comme milieu de culture microbienne, a partir de mes investigations 
quasi cinquantenaires sur la fagon de se comporter des bactéries dans 
le lait, d’ou sont sortis plusieurs faits nouveaux qui intéressent soit la 
physiologie et la biochimie des microbes, soit la connaissance intime du 
lait méme. Je diviserai mon esquisse en différents chapitres. 


1. LE LAIT EST UN MILIEU GENERAL DE CULTURE MI- 
CROBIENNE. 

Le lait se préte a la culture de toutes les bactéries, y compris les 
pathogénes, non seulement parce qu'il constitue un milieu nutritif 
complet, mais aussi parce que, comme le sang, il contient des protéines 
natives et complexes dont les germes parasites sont si exigeants. Ce 
sont 1a des substances qu’on ne trouve certainement pas dans les mi- 
lieux de culture ordinaires a base de peptones et de gélatines. En outre, 
le lait est riche en éléments minéraux biogéniques ainsi qu’en vitamines 
et en d’autres principes stimulateurs de croissance et d’activité. Il y a 
des bactéries pathogénes, tel que le B. pyogenes bovis (syn. du B. mint- 
mum mammae Gorini, 1907) qui, pendant quelque temps aprés leur 
isolement de l’organisme, se développent difficilement dans les milicux 
ordinaires, 4 moins qu’on ne leur adjoigne un peu de sang ou bien un 
peu de lait. De plus, lorsqu’on offre aux germes un substratum optimum 
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comme le lait, on peut avantageusement y ajouter les différentes ma- 
tiéres sur lesquelles on désire étudier l’action de ces germes; tandis 
qu’au contraire, les recherches ne sont pas concluantes quand les ad- 
ditions sont faites A des milieux de culture moins favorables, tels que 
la gélatine, la gélose, le bouillon, etc. 

Méme les bactéries qui ne produisent aucune altération apparente 
dans le lait, peuvent y vivre et s’y conserver longtemps; je cite l’exem- 
ple du B. radicicola dont. j’ai démontré la capacité de vivre dans le 
lait pendant six 4 dix mois (Derniérement le lait a été déclaré le sub- 
strate de choix pour les Leishmanies, BIANCHI (1)). 


2. ENZYMOLOGIE BACTERIENNE. 

Les lactocultures m’ont servi a l’étude de l’enzymologie bactérienne 
en décélant la chymase du B. prodigiosum et des bactéries acidopré- 
surigénes. 

L’étude de la chymase, également produite sur les milieux ordinaires 
sans caséine, m’a permis de démontrer dés 1892: 

a. l’existence d’enzymes thermostabiles jusqu’a 100°C. b. l’existence 
d’enzymes que j’appelle habituelles (enzymes constitu- 
tives de KARSTROM) qui, contrairement aux enzymes adaptatives, 
sont produites par le microbe sur tous les substrates, méme en absence 
de la substance spécifique. c. des différenciations entre la chymase 
microbienne et la chymase animale (action sur le lait cuit, thermosta- 
bilité, etc.). 

L’étude des bactéries acidoprésurigénes m’a permis de-démontrer dés 
1892—1894, que, a coté des ferments simplement saccharolytiques ou 
simplement protéolytiques, il existe des ferments doubles ou acidopro- 
téolytiques qui attaquent simultanément les sucres et les albuminoides, 
ceci contrairement a l’opinion alors dominante selon laquelle la sac- 
charolyse et la protéolyse seraient des procés antithétiques. Par 1a j’ai 
donné aussi le premier exemple de bactéries capables de peptoniser en 
milieu acide, tandis que jusqu’alors on croyait que les bactéries ne 
peptonisaient qu’en réaction alcaline ou tout au moins neutre. 

Toutes ces conclusions sont, vraisemblablement a cause de leur pré- 
cocité, restées inapercues pendant plusieurs années, mais dans la suite 
l’étude en a été reprise et elles ont été confirmées et étendues par moi- 
méme et par d’autres auteurs et aujourd’hui elles ont acquis une im- 
portance considérable aussi pour l’enzymologie générale. 

Quant a la chymase on a vérifié, notamment par ma méthode de 
culture sur gélose-lait (19321934), que sa production est trés répandue 
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chez toutes sortes de microbes (schizomycétes, blastomycétes et hy- 
phomycétes) méme parmi ceux qui sont considérés inactifs sur le lait 
(B. typhi, Str. equi, Str. equines, Sacchar. cerevisiae, Actinomyces 47 
LIESKE, et Actinomyces asteroides de la collection de Baarn, etc.). 

Quant aux Acidoprotéolytes, on les a rencontré dans plusieurs mi- 
lieux intéressant l’agriculture, l’industrie et la médecine, particuliére- 
ment 1a ot s’accomplissent des protéolyses sans putréfaction (ensilage, 
fromagerie, tannerie, certains procés pathologiques, etc.). Par rapport 
a la fremagerie, les premiers a reconnaitre la présence des Acidopro- 
téolytes ont été BOEKHOUT et OTT DE VRIEs (a savoir dans le fromage 
d’Edam (2)). Derniérement, (1932) par la méthode moderne on a con- 
staté que les Acidoprotéolytes produisent dans le lait des lyo- et des 
desmoenzymes, des protéinases et des peptidases, par quoi ils se distin- 
guent des saccharolytes simples qui, ne formant pas des protéinases a 
cété des peptidases, sont incapables d’attaquer les protéines natives; 
ils n’attaquent que les protéines hydrolysées. D’autre part on a isolé 
chez les Acidoprotéolytes des acidoprotéases spéciales (GORBACH (3)) 
qui les différencient des alcalinoprotéolytes; en effet, cette distinction 
n’est pas possible dans les substrates ordinaires. Le B. prodigiosum, 
par exemple, qui dans le lait est un acidoprotéolyte, se comporte dans 
la gélatine comme un alcalinoprotéolyte a l’instar du B. pyocyaneum, 
tandis que ce dernier demeure alcalinoprotéolyte méme dans le lait. 
Cela vient renforcer mon ancienne proposition (1894) de faire un grou- 
pement enzymatique des bactéries en trois classes, fondées sur leur ac- 
tion métabolique principale dans le lait, c’est-a-dire: 1. saccharolytes, 
2. protéolytes, 3. acidoprotéolytes. Un tel groupement a de Il’impor- 
tance non seulement pour la science pure, mais aussi pour la science 
appliquée, soit la médecine ou la zymotechnique (V. mon Rapport au 
18me Congrés de la Société allemande de microbiologie, Vienne 1939). 

En outre, c’est par moyen des lactocultures qu’on a commencé a 
démontrer la différence d’action des germes sur les différents protéines, 
ainsi qu’il a été signalé par moi (1902) a propos du non-parallélisme en- 
tre la caséolyse et la collolyse, en ce sens, que les bactéries peptonisant le 
lait ne liquéfient pas toute la gélatine et vice versa. Aussi cette diver- 
gence a-t-elle été expliquée par voie enzymatique, puisqu’on a isolé des 
protéases bactériennes qui solubilisent seulement la gélatine ou seule- 
ment la caséine (GORBACH (3) et MASCHMANN (6)). 

Je mentionnerai enfin la condition spéciale du lait favorisant la 
recherche d’autres enzymes microbiennes (lipases, oxydases, catalase, 
etc.). 
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3. INFLUENCE DES CONDITIONS DE L’AMBIANCE SUR LES 
FONCTIONS BACTERIENNES. 

Les lactocultures se prétent a étudier les principales exigences vitales 
des bactéries vis-a-vis de l’ambiance. Je me bornerai a considérer 
linfluence de la température, de l’air et de la nutrition. 

a. Température. Les lactocultures des acidoprotéolytes dé- 
montrent qu’en général les températures élevées favorisent la saccharo- 
lyse alors que les températures basses favorisent la protéolyse (1897), 
par quoi certains acidoprotéolytes ne révélent leur propriété protéolyti- 
que qu’a des températures basses, tandis qu’a des températures élevées 
ils peuvent passer pour de simples saccharolytes a cause d’une acidifi- 
cation excessive (acidité d’arrét). 

A part cela le lait peut étre modifié par voie bactérienne A toutes les 
températures depuis —5°C. jusqu’a 70°C., de sorte que les lactocultures 
sont les plus aptes pour étudier les différentes exigences thermiques des 
bactéries et pour les distinguer, d’aprés BEIJERINCK, en psychrophiles, 
microthermes, mésothermes, mégathermes et thermophiles. Donc, le 
lait est un milieu d’élite pour les bactéries thermophiles; 4 partir de 
mon B. lactis thermophilus (1894) la plupart des nombreux bacilles né- 
cessairement ou facultativement thermophiles ont été isolés du lait. Le 
lait est aussi un milieu d’élite pour démontrer que les bactéries peuvent 
étre thermorésistantes méme sans spores, grace a la formation de man- 
teaux protecteurs; c’est par la que plusieurs coccus présentent une ther- 
morésistance exceptionnelle dans le lait, grace 4 un capuchon de casé- 
ine que se forme autour d’eux par l’action de leur chymase (1915). 
Tout cela explique les difficultés de stérilisation du lait et indique la 
nécessité ainsi que les moyens de produire un lait de stérilisation facile 
(1937) en éliminant les germes thermorésistants et thermophiles; autre- 
ment le fait, apparemment paradoxal, se vérifie qu’un lait peut sortir 
du pasteurisateur plus riche en bactéries qu’il ne l’était avant la pas- 
teurisation. 

b. Air. Les lactocultures des acidoprotéolytes démontrent qu’en 
général l’aérobiose favorise la protéolyse, alors que l’anaérobiose fa- 
vorise la saccharolyse (1897). A part cela les lactocultures permettent 
de reconnaitre les différents besoins d’oxygeéne des bactéries selon qu’el- 
les altérent d’emblée toute la colonne de lait ou bien qu’elles commencent 
ou qu’elles se bornent a altérer le lait 4 sa surface ou dans le fond. Ces 
différences correspondent aux différentes maniéres par lesquelles s’ac- 
complit la décoloration des lactocultures additionnées de tournesol, de 
bleu de méthylene etc. et expliquent les différentes maniéres de se com- 
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porter des bactéries suivant la hauteur du substrate, la largeur et la 
forme du récipient de culture, a l’appui de la distinction classique de 
BEIJERINCK en bactéries orthoaérophiles, microaérophiles et oligoaé- 
rophiles. 

c. Nutrition. Les lactocultures donnent la preuve la plus 
éclatante, d’une part, de l’extréme sensibilité des bactéries 4 Pégard 
des conditions nutritives, d’autre part, de l’extréme complexité, déli- 
catesse et inconstance de la composition ou, 4 mieux dire, de la con- 
stitution biophysico-chimique du lait, de sorte que ses propriétés nutri- 
tives et fermentatives sont susceptibles d’étre modifiées méme profon- 
dément et d’une maniére méme chimiquement indéfinissable, par des 
facteurs naturels ou artificiels. Il n’y a pas un lait mais des laits. 

Quant aux modifications naturelles il me suffira de citer le lait que 
jaiappelé disgénésique (1927), parce que, quoique normal en ce 
qui concerne les caractéres organoleptiques et l’analyse chimique et 
micrographique ordinaire, il est impropre a la culture de ferments lac- 
tiques et acidoprotéolytiques. 

Quant aux modifications artificielles il me suffira de citer celles que 
jai mises en rapport avec les différentes températures et les différents 
procédés de stérilisation thermique du lait (1917) qui le rendent plus ou 
moins favorable a la culture des bactéries saccharolytiques ou bien des 
bactéries protéolytiques. 

Ces modifications peuvent ¢tre, pour la plupart, attribuées a la 
carence ou bien a la destruction d’un aliquid eugénésique, puis- 
qu’elles sont ordinairement remédiables par l’addition de substances 
stimulantes ou de facteurs de croissance (peptone, extraits de viande 
ou de levures, sang, vitamines etc.) (1926). 

D’ailleurs, les lactocultures sont bien favorables pour préciser la 
distinction des différentes vitamines et leur action sur le développement 
et sur les activités des bactéries; et d’autre part, les lactocultures ont 
révélé l’existence de principes microbicides ou inhibitoires ou contre- 
agissants qui sont propres au lait frais et qui sont plus ou moins ther- 
mostabiles. 


4. MUTATION ET DISSOCIATION PHYSIOLOGIQUE DES 
BACTERIES. | 

Un autre avantage des lactocultures est de favoriser l’apparition de 

phénoménes de mutation (pE VRIES) c’est-a-dire de variation spontanée 

brusque et transmissible que j’ai appelé , mutation physiolo- 

gique par divergences individuelles” (192l) et qui 
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se vérifie particuliérement par de petits ensemencements; a cette oc- 
casion j’ai donné aussi le premier exemple du procés de dissociation 
physiologique bactérienne, qui est devenu aujourd’hui un procés fon- 
damental de bactériologie. L’aptitude spéciale du lait a provoquer la 
dissociation bactérienne a été reconnue ensuite par d’autres auteurs 
(NUNGESTER (7)). 


5. RAPPORT DE L’ACTION DES BACTERIES SUR LE LAIT 
AVEC LE SAPROPHYTISME ET LE PARASITISME. 

Il y a des groupes bactériques (B. typhi-colt, Staphylococcus, Strepto- 
coccus) qui comprennent des espéces ou des souches dont la fagon de se 
comporter dans le lait différe d’un groupe a l’autre. D’aprés les auteurs 
certains groupes coagulent réguliérement le lait tandis que d’autres le 
coagulent inconstamment et méme pas du tout. Or, notamment par 
la méthode de la culture sur gélose-lait, tous les types parviennent a 
coaguler, néanmoins par un mécanisme différent: les types acidifiants 
énergiques arrivent 4 coaguler par simple acidification, alors que les 
types faibles.coagulent seulement par lVintermédiaire d’une chymase, 
par quoi ces derniers exigent ordinairement une observation plus pro- 
longée. On observe en outre que le premier type se rencontre de préfé- 
rence parmi les saprophytes, tandis que le second type se rencontre de 
préférence parmi les parasites; ce fait peut appuyer les recherches mo- 
dernes concernant la relation entre l’activité protéolytique et la viru- 
lence des bactéries. Par conséquent les lactocultures peuvent rendre 
service a l’hygiéne et a la pathologie comme moyen diagnostique auxi- 
liaire pour décéler la nature et l’origine saprophytique ou parasitique 
des microbes (1923—1927). 


6. FERMENTATION GAZEUSE ASSOCIATIVE. 

Ainsi que je l’ai démontré (1933) le lait se préte tout particuliérement 
a l’étude du phénoméne NENCKI—PERFOLD de la fermentation gazeuse 
associative, qui dérive de l’action synergique de différentes bactéries 
dont chacune, a elle seule, est incapable de développer du gaz. 


Comelins tom: 


En résumant: le lait comme milieu de culture est 4 méme d’apporter 
une précieuse contribution a la connaissance de la physiologie, de l’en- 
zymologie et du métabolisme des microbes, ainsi qu’a la connaissance 
intime du lait méme, au service de la science pure et de la science ap- 
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pliquée, a la médecine, a l'industrie, a l’agriculture. Je n’ai pas besoin 
de rappeler la grande signification de la conquéte de notions con- 
cernant la vie microbienne, aussi pour la biologie générale. 

Pourtant, de tout ce qui précéde découle la nécessité que l’étude de 
action des bactéries sur le lait soit fondée sur l’examen de plusieurs 
cultures faites dans des laits différents avec des ensemencements assez 
larges et sous des conditions différentes de l’ambiance; et il faut avant 
tout que l’observation soit faite avec l’oeil du biologiste et avec la 
diligence et la persévérance que HUGO DE VRIES pose comme conditions 
sine qua non pour ce genre de recherches. 


Références. 


1. L. Brancui, Arch. f. Schiffs- und Tropenhygiene 40, 146, 1936. — 2. F. 
W. J. BoEKHouT und J. J. OTT DE VRIEs, Centralbl. f. Bakt. IE, 12, 587, 
1904. — 3. G. GorBacu, Archiv f. Mikrob. 6, 362, 1935; Enzymologia 3, 
65, 1937. —4. C. GoRINI, Rivista Igiene e Sanita Publ. 3, 527, 1892; 4, 549, 
1893; Hyg. Rundschau 3, 229, 381, 1893; Giorn. R. Soc. It. Igierie 16, 5, 
129, 1894; Annales de Micrographie 9, 433, 1897; Rend. R. Acc. Lincei 2, 
159, 1902; Rend. R. Ist. Lomb. Sc. Lett. 40, 947, 1907; 48, 956, 1915; 
Rend. R. Acc. Lincet26, 195, 223, 1917; Rend. R. Ist. Lomb. Sc. Lett. 
54, 295, 1921; 56, 994, 1923; C. R. d. l’Acad. d. Sc. 183, 250, 1926; Rend. 
R. Acc. Lincei 6, 338, 1927; Rend. R. Ist. Lomb. Sc. Lett. 60, 664, 1927; 
Z. f. physiol. Chem. 205, 133, 1932; Archiv f. Mikrob. 4, 123, 1933; Atti 
Acc. Pont. Scienze 86, 48, 1933; 87, 146, 1934; Centralbl. f. Bakt. I, 135, 
275, 1935; Generalbericht Sekt. III, Frage 3, XI Milchw. Weltkongress 
Berlin, 1937; Centralbl. f. Bakt. I, 144, 111, 1939. — 5. ANTONIE VAN 
LEEUWENHOEK, Sesde Vervolg der Brieven Geschreven aan verscheide 
hooge Standspersonen en geleerde Luyden. Delft, 1697, p. 319. — 6. E. 
MascHMANN, Biochem. Z. 295, 1, 1938. — 7. W. J. NUNGESTER, J. inf. 
Diseases 44, 73, 1929. — 8. Huco DE VriEs, Die Mutationslehre. Leipzig, 
1901-1904. 


(From the Microbiological Laboratory of the Zuiderzee Reclamation 
Works, Medemblik). 


THE INFLUENCE OF THE METHOD 
OF SAMPLING ON THE ACCURACY OF THE 
DETERMINATION OF BACTERIAL 
NUMBERS IN THE SOIL 


by 


G. W. HARMSEN 
(Received January 10, 1940). 


1. INTRODUCTION. 

Whereas much has been written about the accuracy and reliability 
of the plate-method and other methods for the counting of bacteria — see 
the list of references in the publication by HARMSEN and VERWEEL (1) — 
far less attention has been paid to the question of a possible unfavourable 
influence on the accuracy of counting bacteria caused by the way of 
sampling and the preparatory treatment of the samples. In fact, one is 
struck by the superficiality with which this side of the question is treated. 
Therefore, we deemed it desirable to obtain experimental data on the 
essential stages in the process of sampling and treatment of the samples. 


2. METHODS. 

We restricted ourselves to one counting method, 7.e., the plate- 
method, which we consider the most reliable and significant. This 
restriction was possible as with the dilution-method, the plate-method, 
or the direct counting of bacteria in stained microscopic preparations, 
the process of sampling and preparatory treatment of the samples is 
the same. We only determined the number of bacteria plus the actino- 
myces, as this group is known to make the highest demands on the 
counting. 

Until recently our procedure for counting by the plate-method was 
the following. F 


The samples always consisted of a large number of borings, varying 
from 25 to 100, according to the size of the plot to be sampled. The 
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gimlets we used consist of a polished steel tube, 2.5 cm in diameter, 
with 1.2 mm thickness of the material. Over one third of their circum- 
ference is taken away. The rims and bottom ends are sharpened. At 
the top is a knob with a small handle for the pressing, turning, and 
drawing out of the borer. On the outside small marks have been made 
for regulating the depth of the sampling. When the borer is pulled out 
of the soil, the earth which protrudes from the open sides, is taken off 
with a flat knife along the sharp rim, as this part of the soil-cylinder 
has often been crumbled when the borer is pulled out. With a special 
flat spatule with round end, the often unreliable and crumbled-off bot- 
tom end of the boring is also removed, thus leaving only a smooth and 
regular part of the required length in the tube, to be shoved with the 
same spatule into a tight-fitting tin. In this way the large samples, often 
weighing several kg, are collected in the tins. These samples are then 
immediately taken to the laboratory, where on the very same day they 
are treated as follows. 

The entire mass of earth is shed on a polished marmor plate, or, in 
the case of smaller samples, into a wide, flat enamelled dish, carefully 
crumbled by hands sterilized as much as possible with alcohol, and mixed 
or kneaded, when the samples are very wet and sticky. Meanwhile the 
whole mass is considerably reduced by successively throwing away half 
of it, while the remaining half is mixed more thoroughly and intensively 
again. Finally a quantity of some 200 g is left, which is specially pul- 
verized once more and then spread out flat, whereafter the required 
small sample of exactly 5 g is weighed off. For this purpose a little 
earth is taken, at regular distances over the entire surface, with the 
point of a knife, and then put into a preweighed deep porcelan bowl. 
With a finger covered by a smooth rubber cup the small sample thus 
obtained is rubbed with sterile water or a sterile nutrient medium, until 
even the smallest lumps have disappeared, after which it is quantita- 
tively washed in a small flask. Exactly 45 cc of medium is used for the 
diluting and washing, so that a suspension of 1 to 10 is obtained. Of this 
thick suspension a series of dilutions is made by repeatedly pipetting 
off 5 cc of a dilution and adding it to 45 cc sterile medium. The dilution 
ultimately required is then poured on ten parallel plates (for procedure 
see previous publication (1)). The utmost sterility is essential for all 
above manipulations, while the rubbing of the small sample, the prepa- 
ration of the dilutions and the inoculating of the plates must be done 
under strictly aseptic conditions. 


Thus the greatest possible reliability in the sampling and the pre- 
paratory treatment of the samples was aimed at, so that the latter 
could actually be considered as representative of the plots. Neverthe- 
less, the results thus obtained were unsatisfactory, the parallel deter- 
minations often showing very marked fluctuations (fig. 1). 

It is difficult to ascertain whether others may possess a more perfect 
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and more accurate method with better results, because the procedure 
of sampling and preparatory treatment of the samples is, as a rule, 
hardly described at all. Judging from their short statements, however, 
this does not seem likely, as this part of the process is generally treated 
most superficially; a very simple and inaccurate sampling seems to 
be considered as sufficient, which is quite contradictory to the care 
shown in the very process of counting. For example, it is often over- 
looked to suspend all clods and crumbs of earth, the sample being only 
shaken during a short time. This may suffice in the case of homoge- 
neous, sandy soil without coarser organic particles, but most decidedly 
not when treating heavy soil. The number of borings per plot and the 
manner in which these are collected are also matters to which too 
little attention is paid; the samples are often simply collected with a 
spoon or spatule and even WAKSMAN (4), who has quite conscientiously 
worked out and described the methods for the counting of microbes, 
contents himself with mixing only three to four borings per sample. 


Number of microbes 
in millions, Number of microbes 
in millions. 
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Though this superficiality was justified in the beginning, when the 
value of the counting as such still had to be ascertained, now that the 
importance as well as the measure of accuracy of the counting methods 
is sufficiently known and perfected, an equally accurate sampling 
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— without which the accuracy of the counting itself would lose most 
of its value — must be insisted on. We therefore thought it necessary 
to compare the accuracy of the sampling against the accuracy of the 
counting. 


3. PRELIMINARY EXPERIMENTS. 

In order to determine the value of each separate manipulation for 
the accuracy of the entire process of sampling, preparatory treatment 
of the samples, and counting, each manipulation in turn had to be left 
out, beginning with a complete counting on some plot or other. 

For that purpose we chose a plot of 2 x 3 M used as arable land in 
the Wieringer-meer. We chose this very small plot with a view to 
reducing the possibility of unevenness of the soil and variations in the 
parallel determinations. All the same, a series of 12 samples of 25 
borings each gave very marked fluctuations, far more than could be 
expected by the law of random samples. The mean deviation of the 
separate determinations (7.e., the standard deviation) amounted to 
21.7% of the mean, which is altogether far too high *) (See fig. 1). 

This disappointing result is by no means accidental, -for numberless 
previous standard deviation determinations had shown similar or 
worse results; from which we conclude that no better results can be 
obtained by our method of procedure, so that all countings made by us 
so far, will most likely be liable to these exeedingly high deviations. 
Moreover, the multiple countings made by other investigators showed 
equally pronounced variances. Accordingly, the determination of 
the microbes by the plate-method unfortunately remains very in- 
accurate when the method of sampling used so far by ourselves as 
well as others, is followed. 

The first step we took in tracing the source of errors was eliminating 
the actual sampling, z.e., the unevenness of the plot. We therefore took 
one more sample consisting of 25 borings from the same plot, and after 
the usual preparatory treatment, we took therefrom 12 portions of 5 g 
each, which were subsequently treated as separate samples. We thus 
got 12 countings from one and the same sample, but from 12 portions 
of 5 g that were separately weighed. The result did not show such 


1) The mean deviation of the separate determinations answers to the 


2 
formula o, = is = , « standing for the deviations from the mean 


M, and n for the number of the determinations in a series. 
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marked variations as in the case of the 12 separate samples, but yet 
the deviations remained far too high: the standard deviation being 
13.0% of the average (see fig. 2). 

The next step was eliminating the weighing of the 12 separate 5 g 
portions. So, after the usual preparatory treatment, we took only one 
portion of 5 g from a sample, and made it to a thick suspension of 
1 : 10, whereafter 12 flasks were filled with this suspension diluted to 
1: 100, each of which then gradually diluted until a final dilution of 
1 : 400.000 was obtained. We thus got 12 dilution series, giving 12 
parallel results. 

Now the picture was quite different: the 12 results showed compa- 
ratively small fluctuations, the standard deviation only amounting to 
3.2% of the average (see fig. 3). 
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It was impossible to obtain a further improvement by eliminating 
the separate dilution series, only inoculating 12 series of ten plates 
each, of one final dilution; the fluctuations remained about the same. 
Moreover, a further improvement in the accuracy by eliminating special 
manipulations during the preparatory treatment, could hardly be ex- 
pected any more, the accuracy of the last series already equalling the 
accuracy obtainable in one series of parallel plates, in other words, the 
accuracy of the actual plate-method. In fact the mean deviation — 
expressed in absolute measures — was 4.1, while the average of the 12 
values for this deviation of the ten separate parallel plates in the 12 


series, amounted to 13.3, from which ae = 4.2, which about equals 
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the mean deviation of the 12 separate series. The M-values of the 12 
series, therefore do not vary more than those of arbitrarily collected 
groups of ten plates out of one series of 120 parallel plates. 

These tests positively lead to the conclusion that the methods of 
sampling and preparatory treatment followed so far by ourselves and 
others, are not sufficiently accurate, which is, of course, also reflected 
in the results of the countings. In any case, the errors which thus occur 
during the process of sampling and preparatory treatment of the sam- 
ples are far greater than the inevitable errors in counting. Accordingly, 
it is essential to improve the above manipulations before a further 
perfection of the actual counting technique will be of any use. This 
conclusion may be considered sufficiently well-founded, as the afore 
mentioned series have repeatedly given the same results. 


4. THE INFLUENCE OF THE HOMOGENEISATION OF THE 
SAMPLE ON THE ACCURACY OF THE COUNT. 

The weighing of the small portion for the suspension has thus proved to 
be the main cause of errors. The s¢mpling in the field — even in case of 
a small plot of homogeneous soil — may also give rise to perceptible 
errors, seeing the greater variations shown by the 12 separate samples, 
as compared with those of the 12 portions weighed from one sample. 
Consequently, with plots of normal size, these errors adherent to the 
sampling may become quite considerable. The principal cause however, 
must be sought in the dishomogeneousness of the mixed sample, against 
which even the most careful mixing is of no avail. This would probably 
be of far less importance in case of a light, sandy soil, without larger 
remains of plants, but most soils remain without an intensive mechanic 
treatment so little homogeneous, that it will be impossible to weigh 
off two small portions that are actually similar. 

An improvement in the accuracy in the microbial countings in the 
soil will have to be reached along the following lines: 1. the sampling of 
the plots will have to be carried out much more intensively. 2. the 
mixed sample obtained will have to be homogeneised: as a whole, to be 
weighed off into the ultimate small portions afterwards. 

The first exigency is much the hardest, and it will be well-nigh im- 
possible to wholly meet it without rendering the counting process 
altogether too intricate and expensive. The above results plainly show 
that a mixed sample should consist of hundreds, perhaps even thous- 
ands, of borings to make the deviations between parallel samples smal- 
ler than those of the plate-method itself; and such intensive sampling 
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is practically infeasible. It will therefore be necessary to compromise 
between the desirable and the possible, and only carry the sampling 
to a maximum of perfection in case of the most accurate research. 

The second requirement, on the other hand, is feasible without be- 
coming too cumbersome. First of all we tried rubbing the soil through 
a fine sieve, or grinding it in a meatgrinder, a hammer-mill or a disc- 
mill. This, however, proved impossible with humid soil, in any case 
it required considerable extra work and loss of time. An easy homogene- 
isation of the soil in its natural state of humidity thus being out of the 
question, and in view of the impossibility to dry the soil before grind- 
ing — which would entail a considerable reduction in the number of bac- 
beria — only one way was open to us, 1.e., making a suspension of the 
entire sample, often weighing several kgs. This could be comparatively 
quickly and easily done with the aid of a large porcelan ball-mill, in 
which the entire sample — after having been weighed — is rotated 
with a known quantity of water, or nutrient solution. 

This method gave surprisingly good results. Even the heaviest and 
toughest soil, such as river-clay, or boulder-clay, and even soil contai- 
ning hard pieces of peat or tough remains of plants, can be pulverized 
in this mill within the time of one hour, without leaving any perceptible 
or palpable grains; and in most cases half an hour suffices. -A prolonged 
rotation may decimate the microbes, bruising and destroying too large 
a percentage of these, but one hour’s or even two hours’ rotation proved 
not to cause any noticeable reduction in their numbers. On the con- 
trary, up to | to 1.5 hours’ rotation — according to the type of soil — 
the microbes were found to have increased with the prolonged rotation 
time. 

It goes without saying that the right filling of the mill, the rotation 
speed, the proportion of soil to water, the size of the balls, etc. (depen- 
dent on the kind of soil), will first have to be carefully determined, be- 
fore the mill will give satisfactory results. But the proper judgment 
will come with some routine in these matters, and then failures can be 
easily avoided. 

Unfortunately, however, the problem was not entirely solved by the 
use of this mill, as de-mixing occurred after-the grinding, caused by the 
sedimentation of the larger particles, still leading to a rather pronounced 
variance in parallel determinations, especially of course in thin, liquid 
suspensions. The process of de-mixing is, of course, far slower in 
thicker suspensions, which renders a regular sampling much easier. 
But preparing viscous suspensions takes a lot of time, as the working 
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effect of the balls in the mill is much weaker when the grade of humidity 
is lower, which often necessitates a many hours’ rotation to obtain an 
absolutely homogeneous suspension. However, once such a viscous 
suspension is obtained, the settling in it will be very slow, which makes 
it easy to take out small quantities with a little spade, which will give 
rather satisfactory tallying parallel determinations. 

In the beginning we therefore made use of such thick suspensions. 
Fig. 4 shows a series of 12 parallel determinations made in the above 
way. The mean deviation of the separate determinations amounted 
to only 7.7% of the average, which compares favourably with the 
results shown in fig. 2, though the variance remains considerably 
greater than in the actual counting (compare fig. 4 with fig. 3) 4). 

So only using viscous suspensions was not quite satisfactory either, 
and not before having again proceeded to make thin, liquid suspen- 
sions, which we divided into small portions with a special apparatus, 
did we succeed in well-nigh eliminating the remaining variance. 

This apparatus is a special kind of sectorial divider; the suspension 
flows through a fixed small funnel into a row of flasks placed on a 
horizontal, revolving disc, regularly passing under the mouth of the 
small funnel. We shall not give a detailed description of this apparatus, 
but only mention that it was not possible to pour the whole suspension 
into a larger funnel, and then, by opening a tap in the spout of that 
funnel, let the suspension flow evenly into the flasks, as this would have 
caused too much precipitation in such a large funnel. A really even 
division was only reached by siphoning the suspension from the re- 
volving ball-mill directly into the flasks on the revolving disc. For that 
purpose we placed the mill in a sloping position, took off the cover, took 
the balls out of the suspension and let the mill rotate in this position, 
so that we could see the suspension rotating in it. We then carefully 
placed a thin glass tube in the deepest part of the slopingly rotating 
mill, taking care that the end of the tube just could not touch the mill. 
After a short but powerful sucking of the suspension, the latter was 
made to flow from the tube into the divider-apparatus placed under 
the mill, until the mill was quite empty. In this way one can be certain 
that the suspension is constantly and intensively mixed during the 
dividing process, so that an ideal division is obtained. Both the ball- 


1) All graphs are directly comparable, as being on the same scale; 
the distance from the mean to the #-axis (o-value) is the same every- 
where, 7.€., 10 cm. 
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mill and the divider-apparatus were worked by small electro-motors 
and could be easily adjusted to any number of revolutions desired. 

By using a ball-mill, sterilised with alcohol, sterile flasks in the divi- 
der-apparatus and a sterile siphon with side-tube and clamp-tap, the 
entire manipulation can be accomplished without incurring any de- 
trimental infection. 

For a calculation of the dilution obtained it is necessary to know the 
proportion of the amount of soil to that of the solution in the mill. 
Weighed flasks must be used in the divider-apparatus for the deter- 
mination of the quantity of suspension in each flask. It is then possible 
to calculate how much water or nutrient solution must be added froma 
burette to the suspension in the flask in order to obtain a suitable dilu- 
tion from which the further dilutions can gradually be-made. 

The result thus obtained can be described as follows: Again one 
sample was taken from the above mentioned small plot of arable land 
and treated as before, but this time made into a thin, liquid suspension 
which, in the above described way, was siphoned from the rotating 
mill and divided into 12 portions by means of the divider-apparatus. 
The mean deviation of the separate determinations now only amounted 
to 3.65% of the mean (see fig. 5). So the variations ascertained in 
this series hardly exceed those of the plate-method. For comparison we 
would refer to fig. 3 and 5 and the characteristics of the respective 
series. We had thus succeeded in perfecting the preparatory treatment 
of the samples to such an extent, that its variations were hardly greater 
than those inherent to the other stages of the counting of bacteria. The 
still remaining slight increase in the variance was of so little importance 
that further efforts towards reaching a greater perfection of the homo- 
geneisation and dividing process did not seem justified. 

Owing to the above improvements, the preparatory treatment of 
the soil samples can be considered as accurate as the counting itself, 
which makes it possible to successfully aim at a further perfecting of 
the plate-method; for in the procedure followed hitherto, the crude 
preparation of the samples has clearly been the limiting factor. 


5. THE INFLUENCE OF THE HOMOGENEISATION OF THE 
SAMPLE ON THE ACCURACY OF THE DETERMINATION 

OF SOLID MATERIALS IN SOIL. 
While the above has shown the importance of a perfection in sampling 
and preparatory treatment of the samples in determining the number 
of bacteria, the advantages of this procedure will not be most appa- 
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rent in this determination with her still comparatively poor accuracy. 
The determination of various chemical and physical properties on 
the other hand can be made with a far greater measure of accuracy. 
Therefore the weak points in the sampling and the preparatory treat- 
ment of the samples can herewith be more easily ascertained. For 
this reason we decided to trace the effect of the improved treatment of 
the samples by the determination of some of these properties. 

On the basis of their distribution in the soil, substances of impor- 
tance for soil investigations can on the whole be divided as follows: 

Group 1. Substances dissolved in the moisture of the soil, the con- 
centration of which is constant throughout the sample. 

Group 2. Liquid or gaseous substances, still mobile, and with a 
tendency towards a regular spreading throughout the soil. 

Group 3. Quite immobile, bound, solid substances, incapable of eli- 
minating a discontinuity, occurring in their distribution. 

Group 4. Living organisms or their products, which not only let a 
prevailing discontinuity exist but even activily give rise to it. 


To the fourth group belong a.o. the micro-organisms whose formation 
of colonies causes local accumulations, which again result in a pronoun- 
ced micro-dishomogeneousness, so that even adjacent soil grains are 
often found to show great differences in bacterial numbers. 

This group certainly makes the highest demands on the preparatory 
treatment of the samples and the sampling, and would most readily 
respond to a perfected treatment, were it not that the accuracy of the 
determination itself is so slight. 

The group of solid substances (group 3) is the one showing most 
resemblance to the living organisms. We chose calcium carbonate as 
an example, as this can be comparatively easily and quickly deter- 
mined. The gas-volumetrical methods according to SCHEIBLER or Pas- 
SON, generally used for mass research, being too crude for our purpose, 
we applied the classic method, 7.e., the substance to be tested was boiled 
in diluted hydrochloric acid in a current of CO,-free air, and the carbon 
dioxide thus developed was caught into U-tubes with soda-lime. This 
method of analysis is very accurate, as is shown ©aCOs% 
in fig. 6, giving the percentage of CaCO, in a 
sample of CaCO, (pro analysi Kahlbaum), made ir ae 
in twelve-fold. The mean deviation of the sepa- Fic. 6: 
rate determinations here only amounts to 0.2% of the mean. 
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In the 12 parallel soil samples, taken as previously described, from 
the same small plot, the CaCO, percentage was found to vary as indi- 
cated in fig. 7. The mean deviation of the separate determinations 
proved to be 7.3% of the mean, which variability actually is much 
smaller than in the case of the counting of bacteria, though the variance 


remains quite considerable. 


Further tests, moreover, showed that in this case, more so than in 
that of the counting of bacteria, the micro-dishomogeneousness was the 
main cause of the variance, which is found in the weighing of the por- 
tions of 1 to 2g finally to be analysed, whereas the samples themselves 
do not show such great mutual differences. 12 portions taken from one 
sample were found, when analysed, to have almost the same o,, 7.¢., 
7.4% of M (see fig. 8). On the other hand, the variance between the 12 
separate samples can be strongly reduced, if these are dried and ground 
before the portions are taken for the analysis. In this way we obtained 
aseries with ao, of only 4.4% of M (see fig. 9). This is explained by the 
fact that the calcium carbonate is, to a great extent, present in the 
soil in the form of rather coarse shel fragments, and the portions only 
weigh 1 to 2 g instead of 5 g. 
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The 12 separate samples, however, yet showed some mutual varia- 
bility, for 12 portions taken from one of the dried and ground sam- 
ples, still gave a much better series, with Oy, = 1.55% of M, in other 
words, a fairly tallying value (see fig. 10). And the accuracy of this 
determination in dried and ground samples could still be further per- 
fected by a finer grinding of the soil. 

So far we used the ordinary laboratory disc-mill, which, however, 
grinds rather irregularly and not fine enough. By using a rapidly re- 
volving laboratory grinding-mill of Messrs. Pepping of Amsterdam, 
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with sieve-holes of 0.5 mm diameter, we were able to obtain the series 
indicated in fig. 11, with 6, = 1.15% of M, and by making use of the 
same mill with sieve-holes of 0.25 mm, the variance was even reduced 
too, = 0.57% of M (see fig. 12). This result fairly approaches the pos- 
sible limit, 7.e., the accuracy of the CaCO, analysis itself. Some im- 
provement might have been obtained with a still finer sieve, but the too 
finely ground soil would then have become too difficult to handle, so 
that for technical reasons it does not seem advisable to further continue 
in this direction. 
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Using a sectorial divider-apparatus for the dry samples, where we 
at first also feared a very rapid de-mixing, proved fruitless. We made 
use of this apparatus in repeating the test-series under fig. 10. The re- 
sults most certainly were no better than those reproduced in fig. 10; as 
can be seen from the curve in fig. 13 withe, = 1.65% of M.Insoil samples, 
all particles of which have about the same specific weight, the risk of 
de-mixing is not very great, only in case of complex substances, with 
strongly varying specific weights and very differently shaped particles, 
it will be necessary to take measures against de-mixing. 
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The homogeneisation of wet samples in a ball mill gave a less satis- 
factory result than the drying and grinding process. The variance in 
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the series obtained was considerably greater. A thick, mashy suspen- 
sion gave the series reproduced in fig. 14 with o, = 3.1% of M, while a 
thin, liquid suspension, after division by means of the sectorial divider- 
apparatus, gave an even more unfavourable picture with o, = 4.0% 
of M (fig. 15), presumably as a consequence of the rapid settling of the 
coarser shell-grit parts. 

The homogeneisation of wet samples in a ball mill thus proves to 
be decidedly inferior to the normal grinding of dried samples. For this 
reason we would not recommend this mill for most determinations, 
exept when the samples can not be dried, a.o. for the determination of 
the number of bacteria, when this mill is a very useful substitute for 
the ordinary grinding of the dry samples. 


6. THE INFLUENCE OF THE HOMOGENEISATION OF THE 
SAMPLE ON THE ACCURACY OF THE DETERMINATION 
OF THE WATER CONTENT. 

As representative of the second category of substances 1.¢., of the 
mobile substances in the soil, we chose the water content of same. The 
division of the moisture in the soil proved to be much more regular than 
that of calcium carbonate or of bacteria. 12 parallel samples of the 
same plot, taken in the usual way, gave the series shown in fig. 16 with 
6, = 1.75% of M. 

This insignificant variability was due to two causes, viz., the mutual 
variability of the samples, and the micro-dishomogeneousness of the 
soil in one sample. 
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The variance caused by the sampling was found to be quite small, 
though clearly perceptible, for 12 portions taken from one sample gave 
a series with the appreciably smaller value of GO, = 1.15% of M (see fig. 
17). The remaining variability again proved to be caused by the micro- 
dishomogeneousness of the soil: from one sample, homogeneised in the 
ball mill to a mashy thick suspension, we took a series of 12 portions, 
which mutually differed very little which o, = 0.8% of M (see fig. 18). 
And an analogous series which was obtained with the aid of the divider- 
apparatus from a thinly-liquid suspension, even gave o, = 0.4% of M 
(see fig. 19). 

The accuracy of the moisture determination consequently could be 
noticeably perfected by a proper homogeneisation in the ball mill. 
Naturally it was impossible in this case to dry the samples by way of 
preparatory treatment. 

It will therefore be decidedly advisable for an accurate determination 
of the moisture content, to homogeneise the samples in a ball mill. 
Likewise it will be of great importance to perfect the technique of 
sampling as much as possible, because even in the case of the extremely 
homogeneous plot of arable land that was tested, the 12 separate sam- 
ples showed a considerably greater variance than the 12 portions taken 
from one mixed sample. 


7. THE INFLUENCE OF THE HOMOGENEISATION OF THE 
SAMPLE ON THE ACCURACY OF THE DETERMINATION 
OF DISSOLVED SUBSTANCES. 

We finally had to include in our experiments a substance dissolved 
in the moisture of the soil (group 1), as such a substance, independent of 
the structure of the soil, will always show a tendency towards a con- 
tinuous distribution throughout the water in the soil. We chose the 
Cl-ion, for the easy determination of which we were fully equipped. The 
Cl-percentage of the moisture in the soil is no independent value and 
can only be determined in case of a simultaneous determination of the 
moisture content. Both determinations are always made in the same 
portion, so that only the very slight variability of the moisture deter- 
mination itself could be misleading when judging the variability of the 
Cl-determination; not so, however, the inaccuracy of the moisture de- 
termination caused by any unevenness of the soil. 

Unfortunately, the plot used so far proved unsuitable for the deter- 
mination of the Cl-percentage, because the soil contained hardly any 
salt at all. So we had to chose a plot rich in salt situated on the grass- 
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land outside of the dike on the ,,Balgzand’’, North of Ewijcksluis. For 
this reason the variability of the Cl-determination is not altogether 
comparable with the variability of the other substances discussed in 
this paper, the more so as, so far we had to do with very homogeneous 
soil (owing to repeated treatment as arable land), while this was an 
untreated sandy ,,gras-schor’”’ with a compact Puccinellia-turf, and dis- 
tinctly layered. The variability of the 12 parallel samples — again 
taken in the usual way within an area of 3 x 2 M — was here consi- 
derably greater than in the case of the moisture determination on 12 
parallel samples taken from the previous plot. 


We found the series reproduced in fig. 20 with o, = 3.95% of M. 
This variability, however, must principally be accounted for by the 
considerable irregularity of the soil in question, with pronounced 
fluctuations of the Cl-ion concentration in the various layers, and 
not by the micro-dishomogeneousness of the Cl-concentration between 
small particles of soil. A series of 12 portions from one mixed sample, 
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in fact, had a ve. y small value of o, = 1.25% of M (fig. 21). At the same 
time this proved to be the highest grade of accuracy obtainable in salt 
determinations in the soil, for a homogeneisation of the sample in the 
ball mill repeatedly gave — both with very thick mashy, as with thin, 
liquid suspensions — o, = ca. 1.25% of M (fig. 22). Moreover, homoge- 
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neisation by drying and grinding gave worse series, with Oy = 3.75% 
of M (fig. 23). This is explained by the fact that the salt crystalliz2s 
during the drying of the samples, localizing itself in the form of crystals 
on certain particles of the soil. In other words, as regards the spreading 
of the NaCl, the sample is strongly de-mixed owing the drying 
process. 

Quite as expected, we found that with substances of group 1, which 
in normal circumstances are entirely dissolved in the moisture of the 
soil, an intensive homogeneisation of the samples is superfluous, as the 
concentration of this moisture throughout the soil is well-nigh the same. 
The parallel determinations made in portions weighed off without any 
special care from an indifferently mixed sample, tally fairly well (fig. 
21) and come pretty near the optimal measure of accuracy that 
can be reached in titrimetrical Cl-determinations. These were arrived 
at by making 12 determinations in one sample of soil extract (see fig. 
24 with o, = 0.84% of M). 

In conclusion, we can in the first place state that the above described 
series-determinations have demonstrated the necessity to homoge- 
neise the large mixed samples taken in the field, in order to counter- 
balance the micro-dishomogeneousness in the division of the factor 
to be determined. This is most clearly shown in the case of solid sub- 
stances and living organisms in the soil, with the discontinuously divi- 
ded entities of groups 3 and 4; and less clear with the liquid or gaseous 
substances of group 2; while with the substances dissolved in the mois- 
ture of the soil there is no question of micro-dishomogeneousness. 

The second conclusion arrived at is, however, that the perfecting of 
the sampling — increasing the number of borings from which the 
mixed sample is obtained, and the very accurate and exact manner in 
which these borings are executed — in order to eliminate the macro- 
dishomogeneousness in the plot to be sampled must always be consi- 
dered of vital importance for the accuracy and reproductiveness to be 
reached in the determination. Consequently it is no superfluous luxury 
to make hundreds of borings for one sample in the case of large plots. 
That such intensive sampling is bound to certain limits on account of 
the available time, labour and cost, is inevitable; but it is certainly 
possible and essential to pay more attention to this question in future. 

With respect to the live and solid substances, an intensive homo- 
geneisation of the samples is a matter of still greater urgency than an 
improvement in the sampling. Without the first, even the best samp- 
ling-method and the most perfected analysis lose their value. 
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All these determinations have again shown how difficult it is to 
make soil analysis. The very complicated structure of the soil entails 
certain difficulties that do not exist with other substances, such as 
water, milk, various food-stuffs, etc. 


8. THE INVESTIGATIONS OF THORNTON AND TAYLOR. 

Though for along time we had felt that it was desirable to study the 
influence of the method of sampling and the preparatory treatment of 
the samples on the accuracy of the counting of bacteria, a lecture held 
by THORNTON and TAYLOR at the 3rd Congress of the International 
Society of Soil Science at Oxford in 1935 (3), gave the decisive impuls 
to the above tests. THORNTON and TAyLor think they have ascertained 
very strong fluctuations in the numbers of bacteria determined in the soil, 
within the time of one or merely few hours. During two days they de- 
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termined the bacterial numbers in the soil of a small and homogeneous 
plot of arable land, both according to the plate-method, as by means 
of direct countings in stained preparations of soil suspensions, with 
intervals of only one hour. As a matter of fact, the figures they arrived 
at varied quite considerably, and the o,-values in the series published 
by them are very high indeed: the direct counting giving o, = 13.6% 
of M, and the plate counting o, = 17.5% of M (fig. 25 and 26); and 
that while the points of the 2 graphs only represented the averages of 
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two adjacent plots. In the case of one plot the fluctuations were even 
greater, thus of the same order as the series obtained by us (fig. 1). 
THORNTON and TayLor conclude from these figures that very con- 
siderable fluctuations in the number of microbes in the soil actually 
occur within one or more hours. They therefore talk of ,,short-period- 
fluctuations”. They express the opinion that these fluctuations are 
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absolutely real, without explaining in how far the figures arrived at by 
them are accurate and reliable. About this point the reader is mostly 
left in the dark, as the methods of sampling, of the preparatory treat- 
ment of the samples, and of the counting itself, are hardly described at 
all. Their sole argument in refusing any justifiable doubts as to the 
accuracy of the figures in question is that they devided the plot in two 
halves and sampled both halves separately, so that they got two pa- 
rallel results. 

These duplicate results now show parallel fluctuations at large, which 
gives the impression that these are not due to an accidental variability 
of the determination, but that they are real and founded on simulta- 
neously occurring ups and downs in the bacterial population. This, 
however, need not be the case at all, as inconstancy in procedure may 
also lead to such fluctuations. The only thing that follows from this 
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parallelism is that these appreciable fluctuations may not only be 
caused by the sampling and the preparatory treatment of the samples, 
but also by the methodical inconstancy during the counting. This in- 
constancy, however, will be less accentuated when a standardisation 
of the counting technique is consistently carried through (see series in 
fig. 3). On the other hand, the discreapancys often found between the 
determinations made in the two half plots, are presumably due to an 
inadequate sampling and preparatory treatment of the samples. 

The conclusion arrived at by THORNTON and TAYLOR loses much of its 
probability as the fluctuations in the absolute numbers of bacteria 
found by direct counting, are not in correspondingly greater measure re- 
flected in the results obtained by means of the plate-counting. An in- 
crease in the absolute number of microbes with approximately 10% 
within an hour, as repeatedly occurs in the series of THORNTON and 
TAYLOR, after all means an increase of 100% and more in the number 
of young, active bacteria! And of this the plate-counting shows nothing 
at all. On the contrary, the ups and downs of the direct counting are 
by no means parallel with those ascertained at the plate-counting. So 
there is no question whatever of some correlation between the two se- 
ries. 

A second refutation of the conclusion of THORNTON and TAYLOR is 
the following: every increase in the absolute number of microbes — if 
real — means an actual formation of new microbes, so that all increases 
during one day may be totalized for determining the minimum of newly 
formed microbes for that day. How to explain the depressions between 
these increases, 7.¢., the very rapid loss of so many microbes, remains a 
difficult question in itself. However, leaving this improbability entirely 
aside for the moment, the fact remains that the total of new increases 
in microbes as shown in the series of THORNTON and TAYLOR is incre- 
dibly high. Besides, it decidedly represents a minimum, for even in 
periods when these numbers show a decrease, or remain constant, new 
microbes may be formed apart from the loss of others. From fig. 25 a 
production of abt. 3 x 109 microbes per day and per gram of soil may 
be derived. Taking as a basis an average volume per microbe of abt. 
1/3 w3, ca. 10° uw of microbe mass per gram of soil would be formed per 
day, 7.e., abt. 1 mm§, and per year ca. 369 mm, or more than 1/3. cm’. 
This value in itself seems incredibly high, but it becomes quite absurd 
in view of the fact that the formation of young microbes can only take 
place at the cost of organic material, a small percentage of which, at 
the most, can regenerate in the form of microbes. This would mean 
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that several cc.’s of organic matter would be decomposed per cc of soil 
per year. This now is quite decidely impossible. 

It immediately follows from the above that the fluctuations given 
in the series of THORNTON and TAyYLor are not real, and for the greater 
part founded on methodical errors. Yet we thought it advisable to re- 
peat their test. We therefore took another series of 12 samples from the 
plot repeatedly used for the purpose, in the same way as before, but 
now with intervals of two hours each, so that we got a regular sampling 
during one full space of 24 hours. These 12 samples were treated meti- 
culously alike, though they were not homogeneised, but pulverized by 
hand, and mixed according to our old method (see description on page 
179). They gave the series reproduced in fig. 27, with o, = 14% of M, 
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which by no means compares unfavourably with the series of 12 samples 
from the same plot, simultaneously taken and similarly treated, as 
shown in fig. 1. There are no indications whatever of a higher variability ; 
we would rather say the contrary. 

This in itself was a refutation of the theory of ,,short-period-fluctu- 
ations”. However, to make quite sure, we repeated the test once more, 
following the improved method of procedure, after homogeneising the 
whole sample in the ball mill. We again took samples from the same 
plot, with intervals of 2 hours during a full 24 hours, and treated these 
by homogeneising them each time as a whole in the ball mill. The series 
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thus obtained completely confirmed our assumption that in our case 
there was no question at all of the marked and very rapid ,,short- 
period-fluctuations’’ in the number of microbes in the soil, ascertained 
by THORNTON and TaytLor. The curve in fig. 28 shows great similarity 
with the graph reproduced in fig. 5 of the series of 12 samples simul- 
taneously taken and inoculated in the same way after being homogenei- 
sed. Also the value of o, = 5.7% of M is quite of the same order. 


9. THE INVESTIGATIONS OF JAMES AND SUTHERLAND. 

Exactly at the time when the above described tests were almost com- 
pleted, JAMES and SUTHERLAND published two articles on the same sub- 
ject (2). The writers arrived at the same conclusion as we did: that per- 
fecting the counting technique is no good at all, so long as the pre- 
paratory treatment of the samples and the sampling give rise to so 
much greater errors. 

They even mention a third source of errors besides the two to which 
we have called attention. In their opinion not only the taking of sam- 
ples in the field and the weighing of the small samples taken from the 
large mixed sample may lead to errors, but also the preparation of the 
dilutions of the small sample. Our tests showed, however, that this 
third source did not exist, which is presumably due to the fact that the 
burettes and pipettes used by us for the preparation of these dilutions, 
were gauged far more accurately than those of JAMES and SUTHER- 
LAND. Moreover, the flasks with sterile water were not sterilized by us 
after the filling, but the sterilized water was poured from a burette into 
sterile flasks. Owing to these precautions, any appreciable variance 
caused by the inaccuracies of the dilution process can be absolutely 
avoided. 

The above workers, however, do not try to fight the marked variance 
resulting from the micro-dishomogeneousness of the soil in a large 
mixed sample, technically, like we did by homogeneising the entire 
sample, but statistically, by not weighing off one portion from the large 
sample, but several portions, determining the number of microbes in 
each of these, and calculating the average of the results obtained. This 
eliminates the ball mill and the divider-apparatus, but multiplies the 
amount of work. 

For very accurate determinations a combination of the proposition of 
JAMES and SUTHERLAND and ours might even be feasible. Thus the last 
remaining undesirable variance of our method could be eliminated by 
weighing off several parallel portions from a homogeneised mixed sample. 
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Summary. 


Tests were made to determine the influence of the sampling and the 
preparatory treatment of the samples on the counting of bacteria in 
the soil. These proved that the present methods are very inaccurate 
and give rise to considerable variance in parallel determinations, to 
the extent even of rendering the effect of a perfected counting proce- 
dure quite negligible. 

In this connection it has been stated that it is useless to aim at a 
minute counting of bacteria, as only the number of microbes in the 
ultimate soil suspension would thus be determined, whereas this sus- 
pension is by no means accurately representative of the tested soil. 

For a better preparatory treatment of the samples a homogeneisa- 
tion method by means of a porcelan ball mill was worked out, according 
to which a suspension is made of the sample with water, which method 
has given satisfactory results. 

Finally, the determination of various chemical substances, apart 
from the counting of microbes, has been included in our tests. Here also 
an improvement in the treatment of the samples was arrived at. 


References. 


1. G. W. HarMsEn and H. J. VERWEEL, Centralbl. f. Bakt. II, 95, 134, 
1936. — 2. N. James and M. L. SuTHERLAND, Canadian Journ. Res. 
Sect. C. Bot. Sci. 17, 72 and 97, 1939. — 3. H. G. THoRNTON and C. B. 
TAYLor, Transactions of the Third Internation. Congr. of Soil Sci. I, 
175, 1935. — 4. S. A. Waxsman, Soil Science 14, 81 and 283, 1922. 


ae 


“a lthaatan) Anas re %k a EAeEATL : 
az eanee bee a Pan eral ea ar ae 


er Te Pa 


(From the Division of Plant Nutrition, University of California, 
Berkeley, California). 


STUDIES UPON THE METHANE FERMENTATION. IV. 


THE ISOLATION AND CULTURE OF 
METHANOBACTERIUM OMELIANSKII 


by 


H. A. BARKER 
(Received May 7, 1940). 


One of the most interesting of the methane-producing bacteria is 
Methanobacterium Omelianskii (1). This organism, first observed by 
OMELIANSKI, causes an incomplete oxidation of organic compounds. 
Ethanol, for example, is oxidized only as far as acetic acid. It is this 
limited oxidizing ability which made possible the demonstration (2) 
that the methane produced in the fermentation of organic compounds 
is formed by a reduction of carbon dioxide in accordance with the 
general equation: 

4H,A + CO, > 4A + CH, + 2H,O (1) 
This organism is also interesting because in association with a hither- 
to undescribed anaerobic spore former !) it brings about the conversion 
of ethanol into a mixture of caproic, butyric and acetic acids (3). And 
further, Mb. Omelianskii appears to be one of the most abundant 
bacteria active in the anaerobic digestion of sewage sludge (4). 

All previous work upon Mb. Omelianskui was carried out with impure 
enrichment cultures because pure cultures had not been isolated. Al- 
though this circumstance need not invalidate the conclusions drawn 
from cultural and biochemical experiments with the organism, still it 
introduces an element of uncertainty in their interpretation. Further- 
more there are many additional problems connected with the morpho- 
logy and physiology of these bacteria that cannot be successfully 
undertaken without the use of strictly pure culture. For these reasons 
the isolation and pure culture study of Mb. Omelianskit were under- 
taken. 

1) A description of this organism will be published in the near future. 
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1--ISOLATION OF PURE =CULTURES: 

Enrichment cultures for Mb. Omelianskii were obtained by inoculating 
fresh water or marine muds into a medium 1) containing C,H,OH and 
CaCO, as the principal ingredients (1). The cultures were incubated 
anaerobically at 35—40° C. After a few days an active methane fer- 
mentation began, the alcohol being converted to acetic acid. After several 
successive transfers in the same medium, a series of agar shake cultures 
(medium A) was inoculated in 
seven dilutions as previously 
described (1). The agar in the 
tubes inoculated with the first 
four dilutions was split by gas 
within one week. Bacterial 
development in the higher 
dilutions occurred more slow- 
ly. The seventh dilution did 
not show evidence of gas pro- 
duction until the 33rd day. 
This tube was then immedia- 
tely opened and found to 
contain one large lens-shaped 
colony (about 1 mm diameter) 
and a number of smaller (0.1 


—0.25 mm diameter) colo- 


Fig. 1. Large soft colony of Mb. Ome- nies: 


lanskw in agar. Smaller diffuse colonies 

are visible at the tip of the large colony 

and at the lower right (white blur), Of the smaller colonies were 

Surrounding the large colony there are used to inoculate four new 

a number of small hard colonies (small series of agar shake cultures. 

white spots, slightly out of focus). Un- 
stained. x 46. 


The large colony and three 


Nothing grew from the smaller 
colonies, while the tubes in- 
oculated from the large colony developed through the third dilution. 

All these tubes of the second series contained three types of colonies. 
The largest (1—2 mm diameter) and most conspicuous were compact, 
more or less lens-shaped colonies of a soft consistency and a light 
yellowish brown color (Fig. 1). These were like the colony used for 


) Composition: tapwater, C,H,OH 1%,_CaCO, 10%, NH,Cl 0.05%, 
K,HPO, 0.1%, MgCl, 0.01%, pH 7.4. To transfers there were added per 
100 cc: 2 cc of a 1% Na,S.9H,O solution and 5 cc of a 5% Na,CO, 
solution. 


—_—_ = 
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inoculating this series of tubes. The other two colony types were 
considerably smaller than the first. One was compact (occasionally with 
a dendritic fringe) and hard, 7.e., not readily broken up into its com- 
ponent cells (Fig. 2). The 
other colony type was very _ s eae were 
diffuse in structure, being : i | 
reminiscent of an actinomy- @ ; S 
ces colony (Figs. 3 and 4). rae 
The cells making up both 
of the smaller colony types 
were difficult to remove from 
the agar, one because of its 
hardness, the other because of its diffuse structure. The contents of 
the large soft colonies on the contrary could easily be drawn up into 
a capillary pipette for examination or inoculation. The significance of 


Fig. 2. Two small hard colonies in agar. 
Erythrosine. x 320. 


Fig. 3. Diffuse type of colony in Fig. 4. Portion of small hard 
agar (not crushed). Erythrosine. colony (slightly crushed) and 
x 145. of a diffuse colony (main part 


deeper in agar), showing cells 
of both. Erythrosine. x 350. 


these three colony types will be discussed later. The cells in all three 
colony types were essentially the same in appearance, being rather 
small, apparently non-sporeforming rods such as were previously des- 
cribed for Mb. Omelianskit (1). 

From the third dilution of the second series of shake cultures, six 
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single colonies were inoculated into separate tubes of semisolid agar 
medium (medium A). These colonies were all of the large soft type. 
Within nine days bacterial development became visible in all six tubes. 
Also gas was produced and the medium became increasingly acid. The 
acidity was shown to be due to the formation of acetic acid. The bacteria 
were therefore physiologically as well as morphologically of the Mo. 
Omelianskit type. 

Of the six strains so obtained, one (strain 2) was used for all of the 
tests and experiments to be described. It may be mentioned that the 
other five strains and also two additional strains isolated independently 
by similar methods, were not observed to differ in any respect from 
strain 2. They were, however, not studied in nearly such great detail. 

Evidence of purity. The first question that arises is that 
of the purity of the cultures so isolated. 

The possibility of the presence of aerobic contaminants was first 
investigated by heavily inoculating yeast-dextrose-agar plates which 
were incubated at 28° and 37° C. for a week. An ethanol-ammonium 
nitrogen-agar medium was also used. When no colonies developed on 
either medium it was concluded that the cultures were free of aerobic 
contaminants. 

Because of the strict anaerobiosis maintained in the enrichment and 
isolation cultures, aerobic bacteria could, however, hardly be expected 
as contaminants. The presence of obligate or facultative anaerobes 
would be much more probable. To detect these stab cultures were made 
into an agar medium containing yeast extract and glutose. The tubes 
were sealed and made anaerobic with a pyrogallol-K,CO, mixture. No 
organisms developed from any of the cultures tested after 1—2 weeks 
incubation at 37°C. 

Contamination by aerobic and the ordinary sugar and amino acid 
fermenting anaerobic organisms was thus made highly improbable. 
During subsequent experiments on the physiology of the methane 
bacteria, media containing a wide variety of organic compounds were 
inoculated and incubated under strictly anaerobic conditions for 
periods of 1—4 weeks. In none of these media (except in a few instances 
where obvious contamination occurred) was there any macroscopic or 
microscopic evidence of the presence of organisms other than the metha- 
ne bacteria. Whenever growth occurred methane was formed and the 
same morphological types of cells described below were observed. There 
was no evidence of any separation of forms such as would be expected 
with a mixed culture. 
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On the basis of the above evidence it may reasonably be concluded 
that strain 2 is indeed pure, though the possibility is not excluded that 
the culture represents a mixture of physiologically similar but morpho- 
logically somewhat distinct organisms. This possibility will be next 
considered. 

It has already been mentioned that during the isolation of strain 2, 
three colony types appeared in the second series of shake cultures 
which had been inoculated from a single, well isolated and apparently 
pure colony. Subsequently, shake cultures inoculated with strain 2 
were repeatedly observed to contain the same three colony types. The 
question therefore arose as to whether we were dealing with three 
distinct species or with three variants of a single species. 

In order to answer this question it was decided to see whether by 
repeated reisolation a culture showing only one type of colony could be 
obtained. Because of the greater ease of transferring the large soft 
colonies, an effort was first made to separate this colony type from the 
two smaller types. 

The original culture in semisolid agar was first inoculated into a 
series of agar shake cultures in seven successive dilutions. During the 
course of several weeks incubation gas was produced in all tubes 
through the fifth dilution; as was expected, these tubes contained the 
three colony types, already described. Most abundant, though least 
conspicuous, were the small hard colonies. The diffuse colonies were 
somewhat less numerous, while the larger soft colonies were still 
much less numerous. The ratio of the small hard and the diffuse colonies 
together to the large soft colonies appeared to be of the order of 10; 1 
to 100: 1. 

The fifth dilution tube contained a single apparently well isolated 
large soft colony in addition to several small colonies of the other types 
distributed throughout the tube. So far as could be ascertained there 
were no bacteria growing between the agar and the glass. The tube was 
opened, the section of agar containing the large soft colony was cut 
out and the contents of the colony were removed by being sucked into a 
sterile capillary pipette. The cells so obtained were inoculated into agar 
shake cultures in four successive dilutions (each about 12: 1). Within 
13 days colonies were visible and gas had been produced in all four tubes. 
Now since the inoculating colony could not possibly have been more 
than very slightly contaminated with cells from colonies of other types 
(and probably was not at all contaminated), one would expect the 
colonies in the new series of shake cultures to be predominantly of the 
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large soft type. This expectation was not fulfilled. In all four dilutions 
the small hard and the diffuse colonies were again 10—100 times as 
numerous as the large soft colonies. This could not only mean that all 
three colony types developed from cells present in the large soft colony 
of the previous series. This conclusion was further supported by making 
a third series of shake cultures inoculated with single large soft colonies 
of the second series. The new tubes again contained tens of thousands 
of small hard and diffuse colonies. The ratio of these types to the large 
soft type being at least 1000: 1 in some tubes. Intermediate types 
between the large soft and small hard colonies were observed here as 
elsewhere. 

Since bacteria forming the large soft colonies could not be separated 
from those forming the other colony types, an attempt was made to 
separate the latter from the former. Experiments in this direction 
were not entirely satisfactory because it was impossible to remove the 
small hard and the diffuse colonies from the agar in such a way as to 
make possible solid medium to solid medium transfers. Recourse was 
therefore had to solid-to-liquid-to-solid medium transfers which are 
never entirely satisfactory for purposes of isolation since the partial 
purification achieved in the solid medium may be entirely lost in the 
subsequent liquid culture. 

The attempt to separate organisms forming diffuse colonies was 
carried out as follows: A culture of strain 2 was inoculated into a series 
of agar shake cultures in 8 dilutions. Gas developed in the tubes of the 
first six dilutions within 9 days; these tubes contained all three colony 
types. At the end of 19 days’ incubation the seventh tube had not yet 
shown evidence of gas production (splitting of agar) but it could be seen 
to contain about 10 diffuse and small hard colonies. There were no large 
soft colonies. The tube was opened and four isolated diffuse colonies 
were cut out of the agar and transferred to separate tubes of semisolid 
agar. Within six days all four tubes showed growth and gas formation. 
After abundant growth had occurred three of these tubes were used to 
inoculate three series of shake cultures in five dilutions. All three series 
developed colonies of the three types to the highest dilution. As in all 
previous cultures the small hard colonies were most abundant, the 
large soft colonies least abundant. This again indicated that the different 
colony types are formed by variants of a single pure culture and not by 
three distinct organisms. 
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2. MORPHOLOGICAL AND STAINING CHARACTERISTICS. 

The cells of Mb. Omelianskii are thin unbranched rods which may 
be either straight or bent (Fig. 5). The length varies from 1.5 p to 
more than 10y. The most common 
length is 3—6 y but filamentous 
forms (10 uw or longer) are also 
quite abundant in many cultures. 
The width is 0.6—0.7 y. There are 
no consistent differences among 
the cells of the three colony types, 
but generally the cells of the dif- 
fuse colonies tend to be longer, 
more bent and slightly thinner 
than the cells of the other colonies. 


Some of these differences are shown 

in Fig. 4. Fig. 5. Five days old culture of 
strain 2 showing vegetative cells, 
immature “spores (stained) and 
= : one unstained mature spore (ar- 
definitely though feebly motile row). Erythrosine. x 800. 


individuals have been observed. 
The motile cells display an end over end spinning motion rather than a 
translocation. The type of flagellation has not been determined. 
Spore-like bodies are formed by Mb. Omelianskit. These bodies are 
spherical or nearly so and are located terminally where they cause a 
definite swelling of the rod (Fig. 5). When immature, they stain with 
ordinary dyes; when mature they are colored only by special spore- 
staining procedures. For example, when stained by the CONKLIN modifi- 
cation of the Wirtz method (5) the spore-like bodies, both free and in 
the cells, are green while the vegetative rods are red. The spore-like 
bodies display the usual high refractive index characteristic of spores. 
It seems reasonable to conclude that they are indeed true spores. 
Though the spore-like bodies are morphologically like true spores, 
their heat resistance is unusually low. With pure cultures it has never 
been possible to obtain growth from inocula heated at 80°C. for 10 
minutes, though enrichment cultures have occasionally developed after 
inoculation with pasteurized mud. In view of the low heat resistance 
it seems probable that the spores of Mb. Omelianskiw have some other 
function than to protect the organism against high temperatures. A 
much more useful function for the spores of an obligate anaerobic 
organism would be to allow survival in the presence of oxygen. Probably 


The bacteria are usually non- 
motile, but occasionally a very few 
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the spores of Mb. Omelianskii act in this way, for it has been observed 
that cultures sometimes remain viable after being exposed to air for a 
month or more, in spite of the fact that vegetative cells appear to be 
very sensitive to oxygen. However, there is as yet no direct proof that 
the survival in air is due to spores rather than vegetative cells. 

The cells of Mb. Omelianskii are variable with respect to the Gram 
stain. The majority of the cells are completely Gram negative, while 
5—20% are distinctly, though weakly, Gram positive, and inter- 
mediate degrees of staining can also be found. In fact on several oc- 
casions two cells joined together were observed, one of which was Gram 
positive, the other negative. There is no apparent relation between age 
or colony type and the Gram stain. Gram positive and negative cells 
occur in about the same ratio in both the large soft and the diffuse 
colonies. This is another indication that these two colony types are 
formed by the same organism. 

With erythrosine also, not all cells stain the same. Some are colored 
lightly and rather evenly; others are colored more intensely and have a 
granular appearance. There are also all intermediate types of staining. 
It was at first thought that the cells staining intensely with erythrosine 
might be the same as those that are Gram positive. This appears, how- 
ever, not to be correct, for the percentage of Gram positive cells is much 
‘smaller than the percentage of cells staining intensely with erythrosine. 


3. CONDITIONS INFLUENCING GROWTH. 

When pure cultures were first isolated they were transferred to tubes 
of medium of the following composition (medium A): C,H;OH 1%, 
KAHPO;, 0.19) -Mes0 s/H.0. 0.019,.)(NH,y),50, 0.059,,.a¢ar. 0.5%, 
Na,S:9H,0 0.03% and Na,CO, 0.35%, made up in tapwater. The sulfide 
and carbonate were added as sterile solutions and the reaction was then 
finally adjusted with sterile dilute HCl to pH 6.6—6.8 with the aid of 
indicators. After inoculation, 0.35 cc of saturated pyrogallol solution 
and 0.25 cc of 10°%% K,CO, were added to an absorbent cotton plug and 
the tubes were stoppered. The temperature of incubation was 35—38°C. 

Growth in the above medium was extremely erratic. Sometimes 
transfers developed rapidly and abundantly; at other times they failed 
to develop or growth was slow and poor. Since this erratic behavior 
indicated that the medium was not entirely suitable it was decided to 
investigate systematically the effect of varying its composition. 

Effect of HS concentration. Hydrogen sulfide may 
be expected to exert its effect in two distinct ways. By reacting with 
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oxygen and reducing the oxidation-reduction potential it should (in 
accordance with previous observations) make the medium more 
favorable for growth. On the other hand, H,S, particularly the un- 
dissociated molecule, may be toxic to living organisms. So high con- 
centrations are likely to cause an inhibition of growth. Since the ratio 
of undissociated H,S to HS’ and S"ions is determined by the pH, the 
latter factor should influence the toxicity. 

These predictable relations were actually observed. In the absence 
of H,S growth was greatly delayed or absent. In several experiments 
no growth occurred; in one, bacteria began to develop only after 25 
days’ incubation. In this instance, amounts of H,S or other reducing 
substances sufficient to allow the initiation of growth may have been 
introduced with the inoculum. The intentional addition of a small 
quantity of H,S (0.8 mg per 100 cc) always permitted rapid and abun- 
dant development which was not improved perceptibly by further 
additions up to 2—3 mg H,S per 100 cc. High concentrations caused a 
definite inhibition of growth in a poorly buffered medium, (0.1% 
K,HPO,) of initial pH 6.8. The inhibition was almost complete with 
8—9 mg H,S per 100 cc. It may be mentioned that this H,S toxicity 
may influence the competition between methane-producing and sulfate- 
reducing bacteria in a neutral environment in such a way as to favor 
the latter. 

In a more highly buffered medium (1.0—1.5% K,HPO,) of higher 
initial pH (7.6—7.8), the favorable influence of low H,S concentrations 
was also observed (Table 1). But at higher H,S concentrations, up to 


Table 1. 


Effect of H,S concentration on growth and acid production. 


(K,HPO, 1%, initial pH 7.8, incubation period 6 days). 


H,S added HAc formed 
mg/100 cc ec 0.4 n/10'ec 


0.00 0.00 
0.54 0.80 
Ou9 7 3.50 
1.96 3.58 
7.85 3.66 


11.8 3.62 
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11.8 mg per 100 cc, no inhibition was apparent. This lack of toxicity is 
probably a result of the lower concentration of undissociated H,S at the 
higher pH. 

From these experiments it can be concluded that a suitable H,S 
concentration will be obtained by the addition of | cc of a 1% Na,S- 
9H,O solution per 100 cc of medium. This is equivalent to about 1.4 mg 
H,S per 100 cc. The quantity of sulfide originally added to medium A 
(0.03%) is definitely too high. 

Effect of pH. Several preliminary experiments on the effect 
of pH upon growth were carried out using medium A, modified to 
contain 0.01% instead of 0.039% Na,S:9H,0. The reaction of the medium 
was varied by suitable additions of a sterile HCl solution. These ex- 
periments indicated that the reaction is a very important factor in- 
fluencing the growth of Mb. Omelianskit and that the poor and er- 
ratic growth obtained in the earlier cultures was undoubtedly due in 
large part to an unfavorable reaction. The range pH over which good 
growth occurred was exceedingly limited, being from about pH 6.7 to 
8.2. Since the pH determinations were carried out by the indicator 
method they are subject to considerable error, probably at least + 0.2 
units. 

A second series of experiments on the relation of pH to growth was 
carried out using a more highly buffered medium (1.5% instead of 
0.1% K,HPO,). pH determinations were made with a glass electrode 
and are accurate to about + 0.02 pH unit. 

The essential data from two independent experiments are given in 
Table 2. Experiment 1 covers the pH range near the acid limit for 
growth. It will be seen that the time required for active gas production 
to begin is greatly influenced by the initial pH of the medium. At pH 
6.54, 4 days were required to initiate gas production. With initial pH 
6.75 this was reduced to 2 days and with initial pH 7.12 to 24 hours. All 
cultures were of course inoculated in the same manner. Other experi- 
ments have shown that pH 6.5 is very close to the limiting acidity at 
which growth can be initiated. 

As a result of the metabolic activity of the organism the medium 
becomes more acid. The decrease in pH in this experiment was quite 
small, only a few tenths of a pH unit. In less strongly buffered media 
the pH frequently drops to 5 before acid production stops. But there is 
no evidence that growth occurs below pH 6.3—6.5. 

It seems a little strange that an organism forming an organic acid as 
one of its principle metabolic products should be so sensitive to acidity. 
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Generally acid-producing organisms, like the acetic acid and the lactic 
acid bacteria, are particularly acid tolerant. The explanation for the 
lack of acid tolerance of this particular organism can perhaps be found 


Table 2. 


Relation of pH to growth. 


(Medium A without agar and with 1.5% K,HPO, 
and 0.01% Na,S - 9H,0). 


Experiment | Initial pH | Time in Days?) | Final pH 


1 6.54 4 6.15 
6.75 2 6.33 
6.91 1.5 6.55 
7.12 1 6.73 
7.43 2 6.95 
2 7.63 1 = 
TIS 2 6.90 
7.84 2 6.95 
7.96 5 6.93 
8.10 11 — 


1) Period of incubation at 37°C. before first gas production became 
visible. . 


in the circumstance that in nature there is an intimate association 
between acetic acid-forming and acetic acid-fermenting methane 
bacteria such that acid never accumulates. It is well known that acetic 
acid is one of the most rapidly fermented organic compounds. 

The second experiment of Table 2 covers the pH range in the vicinity 
of the alkaline limit for growth. It must be pointed out that the absolute 
time periods required for.visible gas production to begin are only 
comparable within a single experiment. Because of differences in the 
age and vigor of the inocula the time periods in experiments 1 and 2 
cannot be directly compared. 

The data of experiment 2 show that the rate of development of the 
bacteria is greatly decreased as the alkalinity is increased from pH 7.63 
to pH 8.10. Only 1 day is required for visible gas production to begin 
at pH 7.63, while 11 days is required at pH 8.10. The latter reaction is 
evidently close to the upper limit of tolerance. In other experiments, 
cultures failed to grow even after a much longer period of time at ap- 
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proximately the same pH. In order to insure rapid development the 
initial pH should not be above pH 7.8. 

To summarize, good growth of our strain of Mb. Omelianskit occurs 
only over the range of pH 6.7—7.8, the extreme limits being about pH 
6.5—8.1. The optimum reaction seems to be pH 7.0—7.2. 

As a result of these findings, all media (unless otherwise stated) were 
subsequently adjusted to an initial pH of 7.6—7.7, 1.e., fairly close to 
the upper limit of pH tolerance. This allows growth to start fairly 
rapidly and at the same time permits the bacteria to form a relatively 
large quantity of acetic acid before the- pH becomes so low as to be 
inhibitory. In this way maximum growth is obtained. 


Effect of Phosphate Concentratien. Simce the 
range of pH suitable for the growth of Mb. Omeliansk11 is so small, it is 
essential to use a highly buffered medium if one wishes to obtain heavy 
growth and the conversion of considerable quantities of CO, and 
C,H;,OH. The upper limit of phosphate tolerance was therefore in- 
vestigated. 

Medium A contains only 0.1% K,HPO,. Preliminary experiments 
showed that much higher concentrations can be tolerated and, in fact, 
are highly beneficial. Table 3 shows that K,HPO, does not become in- 
hibitory until the concentration exceeds about 2 grams per 100 cc. 
Consequently, rather highly buffered media can be safely used. In most 
subsequent experiments'a phosphate concentration of 1.0—1.5% was 
used, 


Table 3. 
Effect of phosphate concentration. 


(Modified Medium A: Na,S.9H,O 0.01%, pH 7.7, Incubation period 


7 days). 
| 
KH PO cone? ; HAc 

g/100 cc EEA cc 0.1 n/10 cc 

0.91 6.7 4.70 

1.14 6.8 4.70 

1.36 6.8 4.76 
Wle6Z 6.9 4.81 

2.27 7.6 0.51 


High buffering can, of course, also be obtained by adding an excess 
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of CaCO; to the medium. This is frequently undesirable because of the 
increased difficulty of obtaining samples for analytical work or of 
separating the bacteria from the carbonate for cell suspension experi- 
ments. However, if one wishes 
simply to obtain a maximum 
conversion of ethanol to acetic 
acid, CaCO, is very suitable 
since it provides both buffering 3 
and carbon dioxide. 


Effect of Carbonate 
Concentration. Since 
CO, is an essential nutrient 
for Mb. Omelianskit, it is to 
be expected that increasing 


ACETIC ACID FORMED 


coz ADDED. 
the quantity of available CO. Pig. 6. Relation between available car- 
will correspondingly increase bon dioxide and acetic acid formation. 
growth and acetic acid for- The ordinate represents the cc of 0.1 n 
acetic acid formed per 10 cc; the obscissa 
gives the cc of 5% Na,CO, solution 
added per 100 cc of medium. 


mation from ethanol, other 
conditions being favorable. 
This found to be true. The data 
of Table 4 which are plotted in Figure 6, show that acetic acid 
formation is a linear function of the amount of added sodium car- 
bonate over the concentration range of 0—278 mg Na,CO, per 100 
cc. The theoretical values for acetic acid (column 3) are calculated 
from the equation 2. 
2C,H; OH + CO, > 2CH;COOH + CH, (2) 
It will be seen that the observed acid production is somewhat less 


Table 4. 


Relation of acid production to carbonate supply. 


Na,CO, HAc (observed) | HAc (theoretical) 
cc 0.1 n/10 cc 


0.0 0.00 0.00 
46.4 0.79 0.87 
92.8 1.60 1.74 

185.6 3.16 3.49 
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than the theoretical. The discrepancy is undoubtedly largely due to the 
conversion of part (about 5%) of the ethanol into cell material. It will 
be shown in a separate communication, that the quantity of cell ma- 
terial formed is also directly proportional to the quantity of available 
CO, and is of the indicated order of magnitude. 

Although growth and acid production are directly proportional to 
the carbonate supply over the range considered in the above experi- 
ment, it cannot be expected that this relation will also hold for higher 
carbonate concentrations. As the concentration of carbonate is in- 
creased the quantity of acetic acid formed will tend to become so great 
that the pH can no longer be maintained within a range favorable to 
growth under the experimental conditions chosen. Acidity will there- 
fore eventually limit alcohol oxidation. At high carbonate concentra- 
tions growth may also be inhibited by osmotic or specific ionic tox- 
icities. 

Table 5 shows that growth and acid production are inhibited when 
the Na,CO, concentration in unmodified medium A exceeds 400 mg 
per 100 cc. With 600 mg per 100 cc growth is almost completely 
prevented. 


Table 5. 
Relation of growth and acid production to carbonate concentration. 


(Medium A with 0.01% Na,.S .9H,O. Initial pH 6.8). 


Added Na,co, | 5 days) | 13 days ») 
mg/100 cc growth | growth | HAccc 0.1 n/100 cc 
fy 2.68 
390 2.54 
eo 1.10 
600 0.72 


1) Period of incubation. 


Now this toxicity of Na,CO, can hardly be due to an excessively high 
osmotic pressure because the concentration is only 5.7 x 107? Molal 
whereas K,HPO, does not become toxic until the concentration is 
about twice as high, 11.0 x .10-® Molal. The inhibition of growth is 
therefore probably due to the toxicity of the sodium or bicarbonate ions 
or to a lack of balance between these and other ions in the medium. 
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That the effect is determined at least in part by the lack of balance 
between sodium and potassium ions is indicated by the data c. Table 6. 
In this experiment modified medium A was used, containing 1% 
instead of 0.1% K,HPO,. The influence of increasing concentrations of 
Na,CO,; and K,CO, was compared. 


Table 6. 


Relative effects of Na,CO; and K,CO, on growth and acid production. 


(Modified medium A: K,HPO, 1%, Na,S.9H,O 0.01%, pH 7.8). 


Salt | mg/100 cc} Molality x 10% | Growth!) | HAc?) cc 0.1 n/10cc 
Na,CO, 276 2.60 Poa 5.87 
Na,CO, * 387 3.65 cinta 7.78 
Na,CO,; 497 » 4.69 <n tenes (5.26) 
Na,CO, 608 5.73 | a> 8.16 
K,CO; 326 2.36 eis 5.25 
KeeO. 456 3.30 “est ay 5.06 
K,CO, 586 4.24 + 1.41 
K,.CO, AT Sy IS) Sie 1.06 


1) After 6 days’ incubation. 


It can be seen that in the presence of 1% K,HPO,, 5.73 x 10-? Molal 
Na,CO, does not show any toxicity. K,CO;, however, inhibits growth at 
an appreciably lower concentration. These results and those of the 
previous experiment (Table 5) may be explained as follows: The toxicity 
of Na,CO, and K,CO, in the concentration range studied is due to the 
cation. When either the Na or K ion concentration is high, the concen- 
tration of the other being low, toxicity results. By maintaining a balance 
between the two cations higher concentrations of either can be 
tolerated. ° 

The upper limit of carbonate concentration tolerated by Mb. Ome- 
lianskii under the most favorable conditions has not been determined. 
Probably it would not exceed 0.1 M. 


Ethanol Concentration. Growth and acid production 
are not appreciably effected by variations of ethanol concentration in 
the range 0.4—2.0 vol. %. The upper limit of alcohol tolerance has not 
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been determined. For most experiments and routine cultures 0.4—1.0 
vol. % has been used. Of all the organic compounds utilized by Md. 
Omelianskii, ethanol appears to be the most favorable. 


Nitrogen Source and Growth Factors. Organic 
nitrogen compounds are not necessary for the growth of Mb. Omelians- 
kit. Hundreds of transfers have been made in media containing 
(NH,),SO, as the only added nitrogen source and ethanol as the only 
organic compound. Traces of organic nitrogen compounds may, it is 
true, have been present in the tapwater generally used in the prepara- 
tion of media. Special experiments, however, have shown that growth 
also occurs when tapwater is replaced by double distilled water. It must 
be concluded that this organism is able to synthesize all of its nitrogen- 
ous cell constituents from ammonia nitrogen. 

Variations in (NH,),5O, concentration from 0.02—0.2% were found 
to have little or no influence upon growth. The lowest concentration 
was, if anything, the best. 0.03% (NH,).5O, supplies a quantity of 
nitrogen well in excess of the quantity required for maximal growth in 
the media used. This concentration was generally chosen. It may be 
mentioned that nitrate, except in very low concentrations, is 
toxic. 

Although organic nitrogen compounds are not essential, it was 
thought possible that complexed nitrogenous extracts like yeast extract 
might improve growth by providing a more readily available nitrogen 
source or by supplying growth factors not synthesized in optimal 
amounts. A number of experiments were therefore undertaken with 
media to which various amounts of yeast extract were added. In no 
instance was any favorable effect of the extract observed with respect 
to either the rate or amount of growth. Low concentrations of yeast 
extract, up to 0.19% on a dry weight basis, neither improved or retarded 
growth. Higher concentrations up to 0.9%, were somewhat inhibitory. 
With 2.7% yeast extract no growth occurred. 

The above results appear to. be somewhat at variance with the ob- 
servation of HEUKELEKIAN and HEINEMANN (4), that a small amount of 
yeast extract considerably decreases the time required for gas pro- 
duction in media used for counting methane-producing bacteria in 
sewage sludge. However, it must be remembered that their experiments 
are not strictly comparable with ours. They worked only with crude 
cultures in which the methane-producing ethanol-fermenting bacteria 
may have been quite different from our strains. Also the presence of 
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other types of bacteria introduces a possible complication in the inter- 
pretation of their results. 


Agar. Semisolid agar (0.1—0.3%) has been used in preference to 
liquid media in many experiments. By eliminating convection cur- 
rents, and possibly in other ways, agar appears to facilitate growth, 
particularly under conditions where the medium is not completely 
protected from access of oxygen. Thus, it has proved possible to grow 
strain 2 in semisolid media in open tubes unprotected from the air, pro- 
vided the tubes were inoculated fairly heavily immediately after being 
autoclaved. The bacteria generally fail to develop in liquid media ex- 
posed to air. However, when oxygen is carefully excluded, liquid cul- 
tures develop as rapidly and as abundantly as those with agar. They 
have been extensively used for the preparation of cell suspensions for 
various physiological experiments. Both pyrogallol made alkaline with 
K,CO, and Oxsorbent (an acid chromous chloride solution) have been 
used successfully as oxygen absorbents. A paraffin seal may also be 
used. 

In connection, with the use of liquid media, reference should perhaps 
be made to the idea that large quantities of inert sediments are essential 
for the growth of methane bacteria. With our organisms no such 
requirement exists. Excellent growth invariably occurs in media to 
which no special sediment (such as asbestos or calcium carbonate) has 
been added and which contain only small precipitates of calcium phos- 
phate and iron sulfide. In such media the bacteria develop not only 
in the sediment but throughout the liquid, producing a general tur- 
bidity. Undoubtedly sediments could be eliminated entirely without any 
deleterious effects provided care was taken to supply an adequate 
amount of iron, calcium and other essential elements. 


Temperature. Cultures were incubated at various tempera- 
tures at 3°C. intervals from 16°—45°C. In a 30-day incubation period no 
growth occurred at temperatures below 26°C. At this temperature 
growth was very slight. Highest growth rates were observed at 37° and 
40°C.; the optimum is probably nearer the latter temperature. At 45° 
development was slower, about the same as at 31°C. The maximum 
temperature for this culture is probably near 48°C. 

It should be pointed out that these temperature characteristics were 
determined after the organism had been cultivated for more than a year 
at 35—37°C. Consequently it is quite possible, if not probable, that the 
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original temperature characteristics of the organism had become mod- 
ified by adaptation to higher temperatures. Under natural conditions 
the temperature to which this organism would be exposed could hardly 
exceed 25° C., which is below the determined minimum, In this con- 
nection it is interesting to note that HEUKELEKIAN and HEINEMANN 
found ethanol-fermenting bacteria obtained directly from sewage 
sludge to have a temperature optimum of 30—35°C. 


4. A CULTURE MEDIUM FOR Mod. OMELIANSKII. 

On the basis of the above experiments the following medium has been 
developed and found to be very satisfactory for the cultivation of Mb. 
Omelianskit. 

Medium B. C,H,OH 0.4—1.0 vol. %, K,HPO, 0.6%, KH,PO, 0.9%, 
(NT ,),00;,, 0/039, MeSO 771,01 0.01%, “FeSO.-711,0 “0.0012. “ana 
CaSO, 1% of a saturated solution. Distilled water may be used, though 
tapwater in general gives better results; with the latter both the CaSO, 
and the iron may be unnecessary. Agar may be added as desired. Im- 
mediately after autoclaving add per 
100 cc 1—2 cc of 1% Na,S-9H,O 
solution and 5—8 cc of 5% Na,CO; 
solution. This should give a reaction 
of pH 7.4—7.7. The sulfide and car- 
bonate solutions should be auto- 
claved along with the medium ‘to 
free them of dissolved oxygen; it is 
sometimes convenient to mix the 
sulfide with the carbonate before 
autoclaving. In any event the sulfi- 
de solution should not be more than 


RATE OF CH, PRODUCTION 


a few days old as it slowly oxidizes. 
Inoculate the medium immediately 
with 0.1—1.0 cc (more or less may of 
course be used) of a young culture 


© 
) ‘ 2 3° 40g 6 1 
TIME IN DAYS 


Fig. 7. Rate of methane production ~ 
by a liquid culture of Mb. Ome- (preferably not more than one week 


lianskii. 37° C. The ordinate units old). Apply a pyrogallol — K,CO, 

are cc of methane per 100 cc of or Oxsorbent seal and incubate at 
medium per hour. 35—40°C. 

The above medium may be modified in various ways. If it is desired 

to obtain a large cell yield the buffering capacity should be increased 

as much as possible by adding more phosphate (up to 2%) and adjusting 
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the reaction with carbonate to pH 7.8. To obtain most rapid growth it 
is better to adjust the reaction to pH 7.0—7.2. The quantity of sulfide 
depends upon whether or not agar is used. With semisolid or solid agar 
1 cc of 1% sulfide solution is entirely satisfactory; with liquid cultures, 
particularly those of small volume, 1.5—2.0 cc may be preferable. 

In order to illustrate the behavior of Mb. Omelianskii in medium B, 
typical data on the gas evolution from a liquid culture are given in Fig. 
7. The rate of methane evolution is plotted as a function of the time of 
incubation at 37°C. In this culture gas production began after about 2 
days and reached a maximum in about 5 days. The fermentation was 
complete after 8 days. Analysis of the medium (500 cc) at this time 
showed that all of the CO, (about 850 mg) had disappeared and a little 
over 2 g of acetic and 145 mg dry weight of cells had been formed. In 
some fermentations visible gas production begins within 24 hours after 
inoculation and is completed in 3—4 days. As has already been indicated 
the speed of fermentation depends primarily upon the pH of the medium 
and the vigor of the inoculum. 


Summary. 


1. The isolation of pure cultures of Mb. Omelianskit has been 
achieved by the agar shake culture method. The purity of the cultures 
was established by microscopic examination and by testing for possible 
contaminants in suitable media under both aerobic and anaerobic 
conditions. 

2. The organism is a thin, unbranched, Gram-variable rod. Motility 
occurs but is rare. Spores of low heat resistance are formed. 

3. Growth of the organism in pure culture is shown to be influenced 
by a number of factors including hydrogen sulfide concentration, pH, 
phosphate and carbonate concentrations. The pH range of growth is 
from 6.5 to 8.1, the optimum being at 7.0—7.2. Increasing the phos- 
phate concentration up to about 2% is beneficial because it increases 
the buffering of the medium. Growth and alcohol oxidation are directly 
proportional to the carbonate supply at low concentrations. High 
concentrations of soluble carbonates are inhibitory. 

4. Mb. Omelianskii uses ammonia as a nitrogen source and is not 
stimulated by organic nitrogen compounds or growth factors such as 
are present in yeast extract. 

5. A culture medium is described which allows rapid and abundant 
development of Mb. Omelianskii quite comparable with that obtainable 
with other obligately anaerobic bacteria. 
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THE DEVELOPMENT OF 
SULFANILAMIDOPYRIDINE-RESISTANT 
STRAINS OF PNEUMOCOCCI IN VIVO 


by 


J. MULDER 
(Received March 21, 1940). 


Already in 1938 WuitTBy (6) assumed on clinical grounds that 
sulfanilamidopyridine-sensitive strains of micro-organisms could be- 
come resistant against this drug in vivo. 

MACLEAN, ROGERS and FLEMING (3) subsequently demonstrated 
that a pneumococcus strain type 8, in itself fairly resistant against 
sulfanilamidopyridine, rapidly acquired a high degree of resistance by 
way of mouse-passage in animals treated with this drug. 

Ross (5) found that a pneumococcus strain type I, isolated by BAck- 
HOUSE during the first 24 hours of a fatal meningitis from a native 
child in New Guinea, was sulfanilamidopyridine-sensitive; but the 
same strain isolated from the child after three days of intensive treat- 
ment with sulfanilamidopyridine proved resistant against the drug. 

Mac LEop (4) described the development of drug-resistant strains 
in mice. 

In the past months we were able to demonstrate how a highly sul- 
fanilamidopyridine-sensitive pneumococcus strain (type I) rapidly 
became resistant against the drug in the mouse, and how it could be 
raised to an absolute resistance without impairing the virulence of 
the strain. 


TECHNIQUE. 

The pneumococcus strain used by us, was a type I strain, obtained 
from the Neufeld Laboratory of the Robert Koch Institute of Berlin, 
where it is named America Type I. This strain was grown by NEUFELD 
and HANDEL in 1909, and later sent to the Rockefeller Institution. 
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The therapeutic effect of the oral administration of sulfanilamido- 
pyridine in infected mice was traced by daily inoculating a loopful of 
blood from the tail on blood-plates, and counting the resulting pneu- 
mococcus colonies. In this way, day by day, the approximate degree 
of infection of the mouse was determined. 

The mice were injected intraperitoneally with dilutions of a highly 
virulent 18-hours-old culture in serum broth, 1 ml of which contained 
108—10° organisms. The doses of sulfanilamidopyridine mentioned in 
the figures, are those for mice of 20 grams. 


SENSITIVITY OF THE PNEUMOCOCCI TO SULFANILAMIDOPYRIDINE. 
The type I strain was found to be very sensitive to sulfanilamido- 
pyridine (see Table I and fig. 1). 


Lablesi: 
Sensitivity of the strain America I to sulfanilamidopyridine. 


Minimum observation time of surviving mice 12 days. The drug was 
administered once daily (40 mg). 


E : Inoculum Number Mer. D* 
tee (number of of Died Survived | (number of 
WEE pneumococci) mice pneumococci) 


I 1,3 x 107 1 1 0 
1,3 x 108 3 0 3 
1,3 x 108 2 0 . 6 
1,3 x 104 2 0 2 
cr 6 x 108 4 | 3 1 a 
6 x 105 6 3 3 6 
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DEVELOPMENT OF SULFANILAMIDOPYRIDINE-RESISTANT STRAINS IN 

THE MOUSE. 

In one of several mice treated orally with 40 mg of the drug six hours 
after the infection (10-4), and on the four subsequent days, the bacte- 
raemia did not entirely disappear, and the mouse died on the eighth day 
of the experiment (see fig. 2A). 

On the sixth day, the pneumococcus strain grown from the blood 
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Fic. 2. Development of a sulfanilamidopyridine - resistant 

strain (America type I) in mouse A. In mouse B and C the 

strain is a drug-resistant one. The sulfanilamidopyridine 
was administered 6 hours after infection. 


uf the mouse’s tail was injected in a 10~4 dilution into two other mice. 
These mice were treated with sulfanilamidopyridine six hours after the 
infection, and subsequently daily for 2 and 4 days respectively. Though 
six hours after the infection the bacteraemia in both mice was very low 
(under five colonies per loopful of blood, which might be explained bya 
reduced virulence), a serious bacteraemia developed afterwards in both 
animals, and they died after 2 and 5 days respectively (fig. 2B and C). 
From this it may be concluded that the strain had already 
become resistant in the first mouse within the 5 days during 
which the drug was administered. In fig. 3 an other experiment is 
recorded. 

The strain was now passed through mice with intercalated subcul- 
turing in serum broth, to which at first 4 mg pct of sulfanilamidopyri- 
dine was added, which was afterwards omitted, as it proved to be 
unnecessary for maintaining the resistance. A daily dose of 40 mg 
was administered orally to the mice until they died. 
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After a series of passages with three interruptions, during which 
the resistant strain was preserved in a dried spleen, an absolute 
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Fic. 3. Development of a second drugresistant strain (America I) in 

mouse A. The drug was administered at the time of infection. The strain 

from mouse A turns out in mouse B to be acompletely resistant one; 
in mouse C it is a partially resistant one. 


resistance was ascertained, the virulence of the strain being fully 
maintained (Table II). 


Table IT. 


Complete resistance to sulfanilamidopyridine of the fast-strain Americal. 


The mice were treated once daily with 40 mg of the drug. 


Inoculum 
Average number 
of pneumococci 
in 3 experiments 


Number of mice Died Survived 


6 12 | 12 0 


The course of the infection with the young sulfanilamidopyridine- 
resistant strain in mice was very protracted in the first passage. 
A remarkable feature of this protracted development was the presence 
of bacteraemia, so that the mice showed highly positive blood-cultures, 
often over 200 colonies per loopful, for several days until they died. 
Fig. 4 shows a survival-time of 12 days of an infected mouse (8th 
passage; inoculation dose 10-%). 

The phenomenon of long survival, notwithstanding the presence of 
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bacteraemia, became.less marked after further passages probably in 
connection with the virulence. 

Possibly in vitro experiments on the method described by WoLFF 
and JULtus (7), carried out parallel with the above in vivo experiments, 
can throw some light on the 
matter. It will be of future 
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importance; and we will have 


Fic. 4. Course of the bacteraemia after to count with the fact that the 


inoculation of a large dose of the young resistance of a pneumococcus 
resistant strain (8th passage). strain can develop very rapidly 


in the body. Serious cases of 
pneumococcal infection (sepsis, meningitis, peritonitis), must therefore 
immediately be treated with very large doses of sulfanil- 
amidopyridine, may be better still, in combination with type-specific 
serum. When the course of the infection becomes subacute, as a.o. 
is sometimes the case with meningitis, there is a possibility of the strain 
having become resistant (cf. Ross (5)). 
If in such a case an anti-serum has not yet been given, it may be 
useful to do soat a later stage (CUTTS, GREGORY and WEsT (1), DICKE (2)). 


Summary. 


1) In mice the pneumococcus strain America type I may become 
resistant against sufanilamidopyridine within a few days, in spite of 
the fact that this strain originally is highly sensitive to this drug. 

2) The young resistant strain is at first less virulent than the sensi- 
tive strain, but after several mouse-passages it can easily regain its 
full virulence. 

3) It is possible to make the strain wholly resistant against sulfanil- 
amidopyridine. 

4) The young resistant strain may cause a protracted bacteraemia 
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in mice when the latter are treated with the drug. Later on this pheno- 
menon for the greater part disappears. 

5) In clinical practice it is of great importance to count with the 
development of drug-resistance, and it will be wise to treat serious 
pneumococcal infections immediately with substantial doses of sulfanil- 
amidopyridine, probably better still in combination with an anti-serum. 
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1. INTRODUCTION. 

During the last beet-sugar campaign the ,,Cooperatieve Beetwortel- 
suikerfabriek Roosendaal’’ at Roosendaal (Holland) approached Prof. 
KLUYVER with the request to examine the nature of gelatinous grains 
which had spontaneously occurred in the raw beet juice. This mass had 
given rise to serious interruptions in the manufacturing process by 
clogging pipe-lines through which the juice passed. 

In consequence of this request various investigations have been 
made by the present author, the results of which are reported below. 

A superficial examination of the forwarded sample of grain-conglo- 
merates made it extremely acceptable that we were dealing here with a 
case of so-called ,,Froschlaich”’ (,,frogs’ spawn’’) as frequently reported 
in literature. As is well known, the formations which are indicated by 
this name are due to the development in the beet juice of a coccus- 
shaped lactic acid bacterium usually designated as Letsconostoc mesen- 
teriotdes (Cienkowski) van Tieghem, and in more recent papers as Beta- 
coccus avabinosaceus Orla-Jensen. This organism is characterized by 
the fact that when grown on saccharose-containing media the cells are 
surrounded by a thick cell wall or capsule. Several of these capsules are 
usually united to conglomerates 1), thus forming smaller or larger solid 
grains. 

It was, therefore, more or less a surprise to us that a microscopic 
examination of the ,,Froschlaich’’ in question revealed that the 
grains were built-up by distinctly rod-shaped bacteria surrounded 


1) Fine photographs of such conglomerates are to be found in a pu- 
blication of ZETTNOW (32). 
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by thick capsules. This is clearly seen in Fig. | which gives a photogra- 
phic reproduction of a nigrosine preparation of a crushed grain. The 
rod-shape of the bacteria is still more easily distinguishable in Fig. 2 
which brings a preparation after it had been stained according to Gram. 
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Fig. 1. Encapsulated rod-shaped Fig. 2. Rod-shaped cells in a 
cells in a nigrosine preparation crushed grain, stained according 
of a crushed grain. x 1050. to Gram. x 1050. 


This unexpected result made it desirable to make a thorough study of 
previous publications inwhich rod-shaped bacteria have been de- 
scribed as being responsible for mucus production in saccharose-con- 
taining juices. A survey of this literature is given in Chapter 2. 


2. LITERATURE ON THE FORMATION OF MUCUS IN SAC- 
CHAROSE-CONTAINING MEDIA BY ROD-SHAPED BAC- 
LERLA: 

First of all it should be stressed that this survey only will deal with 
rod-shaped bacteria for which mucus production is confined to the 
presence of saccharose in the medium. In other words, all publications 
dealing with bacteria capable of rendering most unspecific media slimy, 
will be left out of consideration here. 

Besides giving particulars regarding the various bacteria for which 
the properties of forming mucus out of saccharose has been claimed, 
also attention will be given to what has been reported regarding the 
chemical nature of the mucus. 

In this connection it should first be remarked that already in 1874 
SCHEIBLER (25) had given experimental proof that the chemical con- 
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stitution of the common ,,Froschlaich”’ as occurring in sugar-factories 
was that of a glucose polymer, for which he introduced the name of 
»dextran”. Since it has been confirmed by several investigators 
that this conclusion indeed holds for the capsular mass produced by 
Leuconostoc mesenterioides from saccharose. Recently Peat, STACEY 
and SCHLUCHTENER (20), and Stacey and Youp (26) have brought 
experimental proof that dextran consists of a linear chain of several 
hundred glucose units in a gentiobiose linkage. 


LIPPMANN (16), however, was the first to observe that not in all 
cases mucous substances produced by bacterial action out of saccharose 
had the chemical constitution of dextran. He describes a case in which 
the mucus formed by a badly defined bacterial species on hydrolysis 
yielded exclusively laevulose. For the polysaccharides of this type he 
introduced the name of ,laevulan’”. 

We will now proceed to give a survey of the various rod-shaped bac- 
teria for which the property under discussion has been reported. 

As far back as 1889, KRAMER (14) described a-facultative anaerobic, 
non-spore-forming bacterium, to which he gave the name of Bactllus 
viscosus sacchari. This organism was able to transform in one or two 
days beet juice into a viscous mass by the formation of a slimy sub- 
stance of the empirical composition C,H,,O;. In a saccharose-containing 
medium besides the mucus also CO, and mannitol were formed. Shortly 
afterwards RITSERT (23) described a spore-forming, rod-shaped bac- 
terium, Bacterium gummosum, that also forms mucus exclusively from 
saccharose. In 1893 Happ (9) also isolated a spore-forming, rod-shaped 
bacterium, Bacillus gummosus, that again had the ability to form 
slime from saccharose. This mucus consisted of a substance soluble in 
water, insoluble in alcohol and ether, and had the composition (CgH905)n. 
Mannitol, lactic acid, butyric acid and CO, are reported to have been 
found as products of the saccharose fermentation. 

In 1894 Kocu and HosaeEus (13) publish a paper entitled: ,, Ueber 
einen neuen Froschlaich der Zuckerfabriken”’, in which they state that 
in a gelatinous mass, completely analogous with the Leuconostoc- 
,,.Froschlaich’’, microscopical examination revealed the presence of a 
rod-shaped bacterium instead of a coccus-shaped one. The said authors, 
however, did not succeed in isolating the micro-organism responsible 
for the ,,Froschlaich’’-formation, but nevertheless gave it a name, 
viz., Bacterium pediculatum. Kocu and HosaAEus call attention to the 
fact that the capsules they observed strongly reminded them of the 
capsules formed by Bacterium vermiforme, a bacterium that was iso- 
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lated two years earlier by WarD (29) from the ,,ginger-beer plant”. 

Worth mentioning is that Kocu and HosaeEus incidentally remark 
that a chemical analysis should have shown that their ,,Froschlaich”’ 
partly consisted of laevulan. 

In 1895 GLASER (6) described a motile, rod-shaped bacterium 
— Bacterium gelatinosum betae — isolated from a slimy mass, re- 
sembling the zoogloea of Leuconostoc found in beet juice. Though 
GLASER does not state explicitly that the said bacterium forms endo- 
spores, he mentions that it stands a prolonged heating at a temperature 
of 100° C. Besides the mucus this bacterium produces from saccharose 
alcohol and carbon dioxide, but remarkably, no lactic acid was found 
in the cultures. 

In 1897 Warp (30, 31) published an interesting paper in which he 
describes a remarkable association of organisms, obtained by him in 
Paris, and said to have come from Madagascar, where it was found 
aS an excrescence on the sugar-cane. ,,It consists of a bacterium as- 
sociated with at least one yeast, and grows in saccharose solutions, 
producing clumps so like the ginger-beer plant that the assumption . 
seemed warranted that we had here a symbiosis of the same kind as 
that proved to occur there’. It is clear that WARD isolated here directly 
from sugar-cane Bacterium vermiforme, the same bacterium he had dis- 
covered some years before in the ,,ginger-beer plant’”’. 

PoupE’s (22) description of a bacterium he isolated from slime in a 
sugar-factory, is rather vague. The rod-shaped bacterium, which was 
motile, and easily formed spores, produced a slime that showed much 
resemblance to that of Leuconostoc mesenteriotdes. 

A remarkable bacterium is described by Laxa (15). This facultative 
anaerobic, thermophilic, spore-forming, rod-shaped bacterium, to. 
which the name of Clostridium gelatinosum was given, is according to 
Laxa of general occurrence in beet juice. LAxa is of the opinion that the 
zoogloea-formation in beet juice is often wrongly ascribed to Leuco- 
nostoc mesentertoides, this formation in reality being due to Clostridium 
gelatinosum. The mucus formed by this species yielded on hydrolysis 
fructose. Lactic acid, volatile acids, and alcohol were found as fermen- 
tation products. Laxa considers Clostridium gelatinosum as a transition 
form of a butyric acid bacterium on the one hand, and of Bacillus sub- 
tilts or Bacillus mesentericus on the other hand. 

Another extensive investigation was published by GREIG SMITH (8) 
in 1901, dealing with a Bacillus species isolated by him from slimy cane 
juice. GREIG SMITH states that the species — Bacillus levaniformans — 
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is in all probability a variety of Bacillus vulgatus. This bacterium forms 
high, transparent, gelatinous colonies on agar with 20° saccharose. 
In a saccharose-containing medium, a one centimeter thick layer of 
a gelatinous material was formed on the bottom of the flask, the yield 
of which amounted to about 35% of the saccharose added. Besides 
this, carbon dioxide and a large quantity of lactic acid, as well as a 
smaller amount of volatile acid was produced. The polysaccharide that 
was formed, and called levan by GREIG SMITH, yielded only fructose on 
hydrolysis. This levan was not formed from glucose, fructose, lactose, 
or maltose. According to GrEIG SMITH, Bacillus levaniformans is at 
the same time a lactic acid and a butyric acid bacterium. In an in- 
vestigation carried out by STEEL (27) to determine the chemical con- 
stitution of levan, it is pointed out that levan, when hydrolyzed, quan- 
titatively yields fructose. STEEL gives, however, some arguments in 
favour of the view that levan is not identical with the polysaccharide 
laevulan as earlier described by LIPPMANN (16). 

In 1905 MaassEn (17) published an investigation, in which four 
species (S. commune, S. citreum, S. flavum and S. rubrum) are classified 
in the new genus Semiclostridium. Of the four species especially S. com- 
mune has a pronounced ability to form gelatinous lumps in saccharose- 
containing media, which lumps show a great resemblance to the 
,Froschlaich” formed by Leuconostoc. The Semiclostridiwm species are 
rod-shaped, motile, and form endo-spores. The slime-mass, which on 
hydrolysis yields fructose, is exclusively formed from saccharose, 
not from galactose, lactose and raffinose. Besides carbon dioxide, al- 
cohol, lactic acid and volatile acids (no butyric acid) are formed from 
saccharose and the hexoses. 

In 1907 GONNERMANN (7) described two presumably new bacterial 
species which produce jelly-like masses in beet juice. They are de- 
scribed under the provisional names of Myxobacillus Betae and a Plenno- 
bacterium, and appear to be closely related to Bacillus subtilis. An in- 
vestigation of FERNBACH and SCHOEN (5) of the year 1912, gives like- 
wise incomplete data regarding a facultative anaerobic bacterium 
— provisionally called gommobacter — that in a suitable saccharose- 
containing medium converts approximately 50% of this sugar into a 
gum. On hydrolysis this gum yielded fructose, and accordingly must be 
considered to be a laevulan. Gum production only took place from sac- 
charose. 

In a publication of 1912 BEIJERINCK (2) gives a review of his expe- 
riences with dextran-, laevulan-, and cellulan-producing bacteria. Be- 
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sides his well-known accumulation methods for dextran-forming, coc- 
cus-shaped bacteria, he gives a detailed description of a procedure for 
the isolation of rod-shaped, spore-forming bacteria that form laevulan. 
He, moreover, stresses that laevulan production is a rather common 
property of many aerobic spore-forming bacteria. As typical laevulan 
bacteria BEIJERINCK mentions Bacillus mesentericus vulgatus, Bacillus 
megatherium and the new species Bacillus emulstonis, which was found 
to be very common in commercial beet- and cane-sugar. BEIJERINCK 
too emphasizes that laevulan production only takes place from sac- 
charose and raffinose, not from any other sugar. 

In view of BEIJERINCK’s investigation it is probable that organisms 
like Bacterium gummosum Ritsert, Bacillus gummosus Happ, the bac- 
terium isolated by PoupE, Myxobacillus Betae and the Plennobacter1um 
of GONNERMANN, as well as the gommobacter of FERNBACH and SCHOEN, 
all are Bacillus species with a more or less pronounced laevulan-forming 
ability. It is difficult to give a definite judgment with respect to 
Bacillus viscosus sacchari Kramer. 

It is quite remarkable that, as far as I could ascertain, in the years 
1912—1936, no mention is made in literature of interruptions in the 
sugar manufacture caused by rod-shaped bacteria. In the year 1936, 
however, SACCHETTI (24) publishes an extensive report on bacteria 
found by him in the ,,Froschlaich” in an Italian sugar-factory. He 
showed that the responsible bacteria could be identified with Bacillus 
vulgatus. The polysaccharide that was formed proved to be laevulan, 
as only fructose was formed on hydrolysis. 

SACCHETTI also arrives at the conclusion that in all probability part 
of the earlier described bacteria mentioned above, viz., Bacterium ge- 
latinosum betae Glaser, Clostridium gelatinosum Laxa, Bacillus levani- 
formans Greig Smith and Semzclostridium commune Maassen will be 
identical with or closely related to Bacillus vulgatus. Given special con- 
ditions these bacteria should be capable of a rapid multiplication in 
sugar containing juices, forming the characteristic ,,Froschlaich’’. The 
fact that the authors of these bacteria have established that the poly- 
saccharide found in the beet juice proved to be built up from fructose, 
is in accordance with this conclusion. 

SACCHETTI’s statement that the Bacillus species isolated by him is 
characterized by acid production (lactic acid and volatile acids) be- 
sides alcohol and gas, however, asks for confirmation, since formation of 
these metabolic products is not known for the more extensively studied 
strictly aerobic representatives of the genus Bacillus. On the other 
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hand also GLASER, LAxa, GREIG SMITH and MAASSEN report the 
formation of special metabolic products (lactic acid, volatile acids, al- 
cohol and carbon dioxide). 

We may summarize the foregoing survey by concluding that. prac- 
tically all data are in agreement with the view that the well-known 
,,Froschlaich’’-formation in sugar-factories may not only be caused by 
the coccus-shaped Leuconostoc mesenterioides, but also by Bacillus vul- 
gatus or closely related spore-forming rods. In the first case the poly- 
saccharide produced (dextran) is built up from glucose, in the second 
case the polysaccharide formed (laevulan) is built up from laevulose. 


3. CHEMICAL EXAMINATION OF THE ,,FROSCHLAICH”- 
SUBSTANCE. 

In view of the considerations in the foregoing chapter it seemed of 
importance to investigate first the chemical nature of the ,,Frosch- 
laich’’-sample received. Hereto a large part of the available capsular 
mass was rinsed with tap water during 24 hours in a beaker; the separate 
grains sank to the bottom of the beaker while the lighter, polluted parts 
were suspended and carried away by the running water, together with 
other water-insoluble substances. After 24 hours the grains were sepa- 
rated with a pincette from the coarse sugar-beet cuttings which had 
also collected on the bottom of the beaker. Part of the grain mass, thus 
purified, was then dried during 24 hours at a temperature of 45° C., 
whereupon some grams of the dried mass were thoroughly pulverized 
in a mortar. Subsequently 520 mg of this powder were hydrolyzed by 
boiling during 70 minutes in 50 cc 3% HCl under reflux. The slightly 
coloured solution was then neutralized with 10% KOH and filled up to 
100 cc with distilled water. In a polarimeter tube of 189.4 mm a dextro- 
rotation of 0.48° was established. Assuming that the solution only 
contained glucose, [«], = 52.5°, it follows that 100 cc of the solution 
contained 483 mg glucose. In other words, 483 mg glucose had been 
formed from 520 mg of capsular substance. 

This result justifies the conclusion that the ,,Froschlaich’’-substance 
in question consists of a glucose-polymer which may well be identical 
with the dextran as produced by Leuconostoc mesenteriotides. 

Taking into consideration the conclusion attained in Chapter 2, the 
outcome of the chemical examination is quite unexpected, since the 
presence of rod-shaped bacteria had suggested that we should have been 
dealing with laevulan. 

Under these conditions it became quite interesting to attempt the 
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isolation and identification of the bacteria responsible for the mucus 
production. 


4. THE ISOLATION OF THE BACTERIA. 

After the mass of grains had been thoroughly rinsed with water, 
as described above, two kinds of grains could be clearly distinguished. 
Next to the majority of comparatively soft, white to grey grains, there 
also were a number of smaller, grayish, rock-shaped, hard grains. Mi- 
croscopic examination showed that both kinds had been built up from 
encapsulated rod-shaped bacteria. From each type of grain a specimen 
was thoroughly suspended in sterile water and from these suspensions 
— resp. from the beet juice in which the sample had arrived — streaks 
were made on yeast-gelatine with 10°4 saccharose, on yeast-agar with 
10° saccharose, and in some cases on yeast-agar with 2°% glucose and 
2%, chalk. At first peptone-agar was also used. On this medium only 
very small colonies had developed after a few days. This result at once 
excluded the possibility that some Bacillus species related to Bacillus 
vulgatus was the essential organism responsible for the capsule for- 
mation. 

The colonies that had appeared on the plates with 10°% saccharose 
and on the yeast-agar-glucose-chalk plates were subjected to a micro- 
scopical examination, while special attention was naturally paid to the 
outward appearance of the colonies on the yeast-gelatine with 10% 
saccharose. A dextran-forming bacterium, in fact, might be expected to 
show pronounced slime production on this saccharose-containing plate. 
Both slime-forming and non-slime-forming colonies appeared to be 
present. 

We cannot dwell here in detail on the results of our examination of 
the various colonies, but it may be emphasized that by far the majority 
of the bacteria isolated from the above mentioned soft grains appeared 
to be gram-positive, catalase-negative rods, besides which, however, 
there was a small minority of coccus-shaped lactic acid bacteria, that 
also produced slime from saccharose, and which in all probability could 
be identified with Betacoccus arabinosaceus. The latter species, however, 
was less rare among the colonies obtained from the hard grains, 
although here too rod-shaped lactic acid bacteria were predominating. 

In total 18 strains of rod-shaped bacteria were isolated from a num- 
ber of grains. All of these were found to be non-spore-forming, gram- 
positive and catalase-negative which suggested that they all might be 
rod-shaped lactic acid bacteria. On the basis of a number of characte- 
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ristics, these 18 strains — Al, B1, B2, C1, C2, C3, C4, C5, Cé, El, E2, 
F1, F2, G1, G2, H1, H2 and H3 — could provisionally be divided into 
three groups, a description of which is given in Chapter 5. 


5. FURTHER DESCRIPTION AND IDENTIFICATION OF THE 
ISOLATED STRAINS. 

Group I is formed by those strains that distinctly produced acid on 
yeast-agar-glucose-chalk, but did not form dextran from saccharose. 
To this group belong the strains: Al, B2, C1, C2, C3, C4, C5, El and H1. 

The strains under group II also distinctly produced acid on yeast- 
agar-glucose-chalk, but moreover produced great quantities of dextran 
both on yeast-gelatine with 10° saccharose (at 20° C.), and on yeast- 


Figs. 3 and 5. Respectively strain G1 of group II, and strains C6, E2, F2, 
G2 and H3 of group III on yeast-gelatine with 10% saccharose. 


agar with 10% saccharose (at 30° C.). To this group belong the strains: 
Bl, F1, G1 and H2. A culture of strain G1 on yeast-gelatine with 10% 
saccharose is reproduced in fig. 3; the slime formed by this strain has 
the consistency of butter. The slime produced by the other strains of 
this group has a still somewhat weaker consistency, and ultimately 
collects on the bottom of the culture-tube, if this is kept in a vertical 
position. All these strains did not show any capsule formation. 

The strains of the remaining group III — C6, ©2, F2, G2 and H3 — 
hardly grew, or even not at all, under aerobic conditions, on yeast-agar 
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with 2% glucose and 2% chalk, or on yeast-agar with 2% glucose. 
On the other hand, they developed quite readily on yeast-agar with 
10% saccharose. Such a plate culture is reproduced in fig. 4; the colo- 
nies resemble hemisperical 
glass beads. Also the growth 
on yeast-gelatine with 10% 
saccharose is most characte- 
ristic, and strongly reminds 
of the behaviour of the cap- 
sule-forming strains of Beta- 
coccus avabinosaceus on this 
medium. Cultures of these 
strains on yeast-gelatine with 
10% saccharose are reprodu- 
ced in fig. 5. 


Fig. 4. Plate-culture of strain H3 of UES ee oe 
group III on yeast-agar with 10% however, is that microscopical 
saccharose. x 0.5. examination of the colonies 


either from  yeast-gelatine- 
saccharose or from yeast-agar-saccharose plates revealed the presence 
of a large number characteristically encapsulated rods which showed 
a perfect resemblance to those which are microscopically observed in 
a crushed ,,Froschlaich’’-grain. The resemblance is such that there 
can be no doubt that the organisms in question are the main constituent 
of the said grains. 

Since all strains appeared to belong to the large group of rod-shaped 
lactic acid bacteria, they should, according to BERGEY (1), be classified 
within the genus Lactobacillus. However, it is difficult to understand, 
why BERGEY has not yet accepted a generic sub-division of the rod- 
shaped lactic acid bacteria as has been done in the excellent mono- 
graph by ORLA-JENSEN (19). This scientist has clearly defined three 
separate genera, to wit Thermobacterium, Streptobacterium and Beta- 
bacterium 1). According to ORLA-JENSEN, the homofermentative, rod- 
shaped lactic acid bacteria, which are thermophilic, should be united 
in the genus Thermobacterium. The representatives of the genus Strep- 
tobacterium and the genus Betabacteriwm can be distinguished from each 
other on the basis of a number of characteristics. 


1) The genus Microbacterium, the representatives of which are catalase- 
positive, is left out of consideration here. 
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One of the differences between these genera is the ability of the Beta- 
bacterium species, contrary to the Streptobacterium species, to form 
gas and volatile acid from carbohydrates. Furthermore, ORLA- JENSEN 
has shown that the homofermentative Streptobacterium species are good 
salicin fermenters, while the heterofermentative Betabacterium species 
either have this ability only to a very s aall extent, or not at all. As a 
third useful characteristic should be mentioned that as a rule the 
Streptobacterium species grow very well in milk, whereas the Betabacte- 
rium species only develop very poorly in this medium, if at all. 

As the isolated strains proved not to be thermophilic, they could not 
belong to the genus Thermobacteriwm. In order to determine whether 
they should be classified in the genus Streptobacterium, or in the genus 
Betabacterium, the strains of the above mentioned groups I, II and III 
were tested on their ability to form gas from glucose. For that purpose 
the various strains were inoculated in fermentation tubes according to 
STRUYK (28), which were filled with yeast autolysate !) with 2% glu- 
cose. Experience has shown that in these fermentation tubes even 
slight gas formation can be easily ascertained. For this reason they are 
most suitable for establishing the occurrence of the usually small 
quantities of carbon dioxide resulting from the sugar fermentation by 
the heterofermentative lactic acid bacteria. 

Secondly, all strains were inoculated in sterile milk. It appeared that 
even those strains that grew rather well in the milk did not bring about 
coagulation or only after a very long incubation period. This changed, 
however, on addition of 10% yeast autolysate to the milk. Apparently 
the autolysate added the necessary accessory food substances to the 
poor winter milk. 

Finally, all isolated strains were inoculated in a medium consisting 
of yeast autolysate with 2% salicin. 

It can be said at once that the results of these tests were in so far 
highly satisfactory that all strains collected in one separate provisional 
group showed a quite homogenous behaviour. All results are collected 


1) The yeast autolysate is prepared by autolyzing | kg yeast (,,konings- 
gist’’ made by the ,,Nederlandsche Gist- en Spiritusfabriek’’ at Delft), 
in 1 1 water during 24 hours at a temperature of 50° C, whereupon the 
mass is boiled and filtered. Then the pH was adjusted to about 6 with the 
aid of dilute sodium hydroxide. The liquid is then boiled once more and 
filtered again. The nitrogen content in the autolysate thus obtained 


approximates 1%. 
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in Table 1 which also indicates whether the examined strains formed 


dextran and capsules from saccharose. 
Table 1. 


Different characters of the lactic acid bacteria of the groups I, IT, III. 


dextran | ¢,-mation gas curdling Seats 
bacteria of product- of product- of milk ation of 
ion from capsules ion from UO, eatieine 
saccharose glucose j autolysate 
group I. — — — te _ 
group II ee — — — = 
group III. + + _ — — 


These experiments lead to the conclusion that both the strains of 
group I and group II belong to the genus Streptobacterium, although the 
bacteria of group II do not grow in milk. In this connection it should be 
remarked that ORLA-JENSEN also admits that certain Streptobacterium 
strains miss the power to develop in milk. 

To the contrary the bacteria of group III do unmistakably belong to 
the genus Betabacterrum. 

The question now arises whether the isolated Streptobactertum species 
and the Betabacterium species can be identilied with species already 
described. To begin with the Streptobacterium species, we distinguish 
since the work of ORLA- JENSEN in this genus two species, viz., Strepto- 
bacterium casei and Streptobacterium plantarum (as for the third species 
mentioned by BERGEY, viz., Lactobacillus leichmannit, see below). The 
first species, which ORLA-JENSEN used to isolate from cheese and milk 
products, as a rule prefers lactose to maltose and saccharose, and only 
rarely ferments raffinose, inulin and pentoses. The second species, a 
typical saprophyte occurring on vegetable products, generally prefers 
maltose and saccharose to lactose, and frequently ferments raffinose, 
inulin and pentoses. 

PEDERSON (21) who made an extensive study of Streptobacterium 
plantarum has come to the conclusion that the majority of the strains 
form acid in glucose, galactose, fructose, mannose, maltose, saccharose, 

lactose, raffinose, arabinose, and salicin, to a lesser extent in sorbitol, 
mannitol, dextrin, glycerol and xylose, and as a rule not at all in 
rhamnose, starch and inulin. This satisfactorily conforms with ORLAa- 


On the occurrence of rod-shaped, dextran producing bacteria. 239 


JENSEN’s data, though the latter attributes to Streptobacterium plan- 
tarum ample ability to ferment inulin (Streptobactertum casei is inulin-), 
while PEDERSON denies this characteristic to this species. In the mean- 
time HORNBOSTEL’s experiments (11) have clearly demonstrated the 
existence of various intermediate forms between the two species under 
discussion, 

The ability of our strains to ferment various sugars was tested in the 
following way. 5 cc of a 4°%, solution of the various sugars in distilled 
water were pipetted, after sterilisation, to 5 cc sterile yeast autolysate. 
The tubes were then inoculated with young pure cultures, and incu- 
bated during a fortnight at a temperature of 30° C. At the expiration of 
this period 5 cc of the medium was diluted with distilled water to 50 
cc, boiled softly to remove any carbon dioxide present, and titrated with 
0.1 n NaOH (with phenolphthalein as an indicator). The original NaOH 
consumption of the medium was subtracted, and the acidity then cal- 
culated on the basis of cc of normal acid on 100 cc of the medium. 


Lipa Gteria of. 2 g0,u p.]. 

The results obtained in the experiments on the fermentation of the 
various sugars, sugar-alcohols and glucosides by the Streptobacterium 
strains of group I, are reproduced in Table 2. : 


Lables2: 


Acid production from different carbon sources by the lactic acid 
bacteria of group I. 


Strain Ad Hh BI Cio CPrsCaieGae4s Csidi(CBs «Ht 
irecas Wh om tet 16 42S Pa Fh49,7 | 18-2.) 13.0 | 14.3 
Galactose . - | 11.8) 9.8-+--9.5 | 16.9} 12.6] 13:6 | 8:2] 11.0} 11.8 
Fructose. . . | 16.7 | 14.5 | 15.0| 17.5 | 19.7] 17.5] 13.1] 15.2] 11.6 
Mannose. . . | 15.8 | 13.4] 12.9] 18.9] 15.1] 17.1 | 9.6] 13.7 | 15.3 
Maltose.-. . | 14.5 | 11.8] 12.1] 16.5] 16.4] 18.5] 10.4] 14.0! 14.6 
Saccharose. | 288. 7\okLabals 1 doled .40he05.653°18:5 Oa Naa al 
iE actose J. 4-125 110.41 106 | 16.7.1.15:3.) 13.41 9.8.) 12.0-1712.4 
Raffinose . . | 12.4] 11.7| 8.8] 15.5 | 15.2] 16.8] 12.2| 13.0] 11.3 
POG » ete say — — — — — — — — — 
Cee ae a OTP AST 47-7 95.68 86 3,7 | 30 
Starches as": = — — —— = — — LS; 1.0 
Arabinose . . — — — —— —- — = — — 
DV OSC. ays es — — — — — — er ana 3 ==5 
Glycerol. @ a — = a = ae == = — =o 
Mannitol «5 28 6.3 4.1 8.8 | 7.8 Bez Ore Hei 6.6 
icte it oy 102) 1G 14.4 1s. Pts. s Toe yp rial Pils 


240 L. H. G..Perquin, 


The agreement between the various strains is such, that they can 
be considered to belong to one and the same species. A comparison of 
ORLA-JENSEN’s data with the results obtained by us leads to the con- 
clusion that the strains we studied all belong to the species Streptobac- 
terium caset. In our case, however, there was no indication of this species 
preferring lactose to maltose and saccharose, as stated by ORLA- 
JENSEN. A more remarkable fact is that our strains of Streptobactertum 
casei all proved fully capable of fermenting raffinose, which characte- 
ristic is not attributed to this species by ORLA-JENSEN, nor by Horn- 
BOSTEL. 

On first consideration it seems surprising that we so frequently 
isolated Streptobacteriwm casei, since our starting material was of 
vegetable origin, whereas ORLA-JENSEN reports to have isolated this 
species exclusively from milk and milk products. In this connection it 
should be observed, however, that ELEMA (4) repeatedly isolated 
Streptobacterium casei from potato pulp, thus also from vegetable 
material. 

We must add that the strains C2, C5 and E! form a small quantity 
of dextran from saccharose. This property is, however, only slighty 
developed. 


2. bacteria of group Il. 

Table 3 shows the degree to which the various sugars, sugar- 
alcohols, and glucosides are attacked by the strongly dextran-forming 
Streptobacterium strains of group IT. 

On examining the results more closely, one is at once struck by the 
fact that these strains, which hardly differ, do not ferment lactose. 
This is in accordance with our previous statement that these four 
strains hardly develop in milk. 

It is clear that also these strains should be considered as belonging 
to one species of the genus Streptobactertwm. This species distinguishes 
itself from the Streptobacterium species described by ORLA-JENSEN 
by its inability to ferment lactose, and by its striking characteristic of 
forming dextran from saccharose. The weak ability to ferment galactose 
and maltose should further be noted, as both Streptobacteriwm casei 
and Streptobacterium plantarum usually ferment these sugars vigo- 
rously. 

On the basis of the classification accepted by BERGEY, the rod-shaped 
lactic acid bacterium in question should be considered to belong to the 
species Lactobacillus leichmannii Bergey et al. HENNEBERG (10) has 
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Table 3. 


Acid production from different carbon sources by the lactic acid 
bacteria of group II. 


Strain Bl Fl Gl H2 
GInGOS6s ween OE Galedivegal 1i6e4sle13.5 
Galactose . . — — al = 
MemGtoses ss aa} 1/22 | 18.95 16-6 | 15-0 
Mannose. . . 16211) 16297) 16.35 T4el 
Maltose ... 4.0 4.5 Sis) 7216) 
Saccharoses sail. leit 468214975), 1324 
Eactose nc — a —_— 
Raffinose . . — — 2.9 Ot 
Pnulingss ae) Lonel Soria oel 
Dextrin’. .”. 0.7; — 1.4 ‘ 
Starch Ye. — a= oo — 
Arabinose . . —_ — — — 
RT LOSE me sels ¢ — — — == 
Glycerol. = — = == 
Mannitol .. 7.6 6.1 PEO a ye 
Salicuiees sesso elise etOl7 le tetOnolOnL 


defined this species as Bacillus leichmanni I, which is probably identical 
with the species Bacillus leichmanni II, simultaneously described by 
him. This rod-shaped, homofermentative lactic acid bacterium, isolated 
by HENNEBERG from milk and yeast, is considered by BERGEY as well- 
nigh identical with Thermobacteriwm Delbriicki, with the exception of 
its having a lower temperature optimum (36° C.). Acid is produced from 
the following sugars: glucose, fructose, maltose, saccharose and tre- 
halose. Small quantities of acid are formed from galactose, mannitol 
and «-methylglucoside. Lactose, raffinose, arabinose, rhamnose, dex- 
trin and inulin are not fermented at all. HENNEBERG does not make any 
mention of the ability of this species to form dextran from saccharose. 

In my opinion, there is every reason not to identify the Streptobac- 
terium species isolated by me with Lactobacillus leichmannii Bergey 
et al. As far as HENNEBERG’s data regarding the fermentability or in- 
fermentability cf certain sugars, enable us to make a comparison, our 
Streptobacterium species differs from Bacillus leichmanni I by the weak 
fermentation of maltose, and by its being a strong inulin fermenter; 
principally, however, by its ability to form dextran in considerable 
quantities from saccharose. These points make it clear that there is also 
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no reason in defining it as a variety of Lactobacillus leichmannii, or 
rather of Streptobacterium Leichmannit, if this indeed should be ac- 
cepted as a separate species. 

Nevertheless it is clearly indicated to differentiate between our 
species and the two species — Streptobacteriwm casei and Streptobac- 
terium plantarum — of ORLA-JENSEN. I should like to propose the 
name of Streptobacterium dextranicum for the new species, which name 
is chosen in order to call special attention to the pronounced ability of 
this homofermentative, rod-shaped lactic acid bacterium to form dex- 
tran from saccharose. 

A more detailed description of the new species is given below: 

Morphology: immotile, non-spore-forming, gram-positive small rods, 
usually 0.7 X (2—S) uw, occur- 
ring singly or in short chains. 

On yeast-agar with 2% glu- 
cose and 2% chalk at 30° C.: 
acid-forming colonies, 1 mm 
in diameter after 2 days, 2mm 
after 7 days. 

On yeast-agar with 10% 
saccharose at 30° C.: large 
slimy colonies which reach a 
diameter of 3 mm after a fort- 
night (Cf. fig. 6) and show a 
marked inclination to con- 


fluence. In microscopical pre- 
parations no capsule-formation 
has been observed. 

On yeast-gelatine with 10% 
saccharose at 22° C.: large, 
drop-shaped colonies that develop to 2 mm in diameter after 5 days. 
No liquefaction of the gelatine. 

Catalase-negative. 

Litmus milk: no formation of acid and no coagulation. 

Yeast-water with 2° glucose: turbid. 

Yeast-water with 2% saccharose: turbid in the beginning: after 
a few days markedly slimy on account of dextran production. Finally 
the medium becomes strongly viscous and wholly untransparent. 

Strong acid production in glucose, fructose, mannose, saccharose, 
inulin and salicin. Weak acid production in mannitol; very weak acid 


. 


Fig. 6. Streptobacterium dextranicum 
nov. spec., strain H2, on yeast-agar 
with 10% saccharose. x 0.5. 
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production in galactose, maltose, raffinose, and dextrin. No acid pro- 
duction in lactose, starch, arabinose, xylose and glycerol. 

Homofermentative lactic acid fermentation in the sense of KLUYVER 
and DONKER (12). 

Optimum temperature 30—35° C. Maximum temperature 40° C. 

The ability of this species to form dextran from saccharose is very 
pronounced. It should be explicitly stated that this polysaccharide, 
just as in the case of the dextran-forming cocci, is never formed from 
any other sugar. 


ebiat terta of fron p Ill: 

As stated before, the bacteria of group III belong to the genus Be- 
tabactertum. The results obtained in the investigation on the fermen- 
tation of various sugars, sugar-alcohols and glucosides, are collected 
in Table 4. 


Table 4: 


Acid production from different carbon sources by the lactic acid bacteria 
of group III, and by Betabacterium vermiforme. 


Betabacterium 
Strain C6 E2 F2° | G2") _H3 vermiforme 

(after MAYER) 
Glucose® 3.) 14:2) 12e1.),.12°8. |10.5.}.. 10.5 9.5 
Galactose... | J0:8-j011.6 | 13:3 9.4 | 10.0 9.6 
ITFUCTOSE. .>4 1s) 90:1 10:2 TG 8.4 Br2 
Mannose. . . — —_— es — — — 
Maltose ... SEP 10. 6niet 250-6: f 9.9 2 
Saccharose. . iss its | Vint Gal Ssehredd ® eyes) 9.1 
Lactose... — — — —- — sD) 
Raffinose .. FANON tel O Sil 1059 eos, 
TRSNEU TS yee ee — od _- —~ — — 
Wextrim.. .- — — co —_ —- 
Starchs* 2: —— — — — — — 
Arabinose . . | 29.2 | 29.6 | 32.3 | 23.8 | 25.6 Zao. 
Myloses ss) | 27.4 |, 28.1,):31.0 | 24.2 | 24.7 2135 
Glycerol io... — — _— = = an 
Mannitol .. = — — _— — a 
Salicur 3 -. . — — — — — ils} 


The five strains of group III again show a very satisfactory homo- 
genity in behaviour towards the various carbon sources, and there- 
fore may be deemed to belong to one and the same species. 
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The question thus arises whether there is reason to identify our 
strains with one of the earlier described Betabacterium species. In this 
connection our attention was at once drawn to Betabacterium vermi- 
forme (Ward) Mayer for which species MAYER (18) has shown that it is 
characterized amongst others by its ability to form dextran from sac- 
charose, an observation which quite recently has been fully corrobo- 
rated by DAKER and STACEY (3) 3). 

An identification of our strains with Betabactertum vermiforme was 
the more tempting since both WarD (29) and MAYER give reproductions 
of encapsulated rods which greatly resemble the formations occurring 
in our cultures on saccharose-containing media. 

In Table 4 we have included the results obtained by MAYER in his 
study of the behaviour of Betabacterium vermiforme towards various 
carbon sources. It is clear that also these data are quite in accordance 
with the suggested identity. 

In this connection it seems desirable to give here some more parti- 
culars regarding Betabacterium vermiforme. 

We may recall here then that this organism has been first isolated by 
WARD in 1892 as one of the constituents of the ,,ginger-beer plant”’ 
It was described by this author under the name of Bacterium vermi- 
forme. WARD duly recognized that it did belong to the group of the lac- 
tic acid bacteria. As has already been remarked, a few years later WARD 
encountered Bacterium vernuforme for a second time when studying the 
organisms present in an excrescence of a sugar cane plant from Ma- 
dagascar. 

In later years the bacterium has been extensively studied by MAYER 
who isolated it as one of the two essential constituents of the so-called 
,, libi’”’-grains. MAYER in the first place made observations which proved 
that the bacterium had all the properties characteristic of the genus 
Betabacterium Orla-Jensen. 

A few more of the principal results obtained by MAYER in his inves- 
tigation will be briefly summarized here. 

On plating a pure culture of Betabacterium vermiforme on glucose- 
yeast-agar after a certain period another type of colony appeared next 
to the original rough colonies. In the long run, however, it proved im- 
possible to make a closer study of this phenomenon on aerobic plates, 
as after some stages on these plates, all growth ceased. This difficulty 


1) DaKER and STACEY mutilate the name Betabacterium vermiforme 
(Ward) Mayer by writing Betabacterium vermiformé (Ward-Meyer). 
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could be overcome by cultivating the bacterium in question under 
strongly reduced oxygen tension, instead of under aerobic conditions. 

The dissociation that occurred under these conditions could now be 
closely followed. It appeared that on the nutrient medium, besides the 
rough, flat-lens-shaped colonies with irregularly crenated edges (R-type), 
also variations occurred, mainly in the form of thin, flat, very extensive 
colonies (O-type). Besides these also round, or somewhat irregularly 
formed colonies, with a smooth, shiny surface (S-type) occurred. 

MAYER now made the interesting observation that only the R-type 
(and in some cases a still coarser R’-type), forms dextran from sac- 
charose, in contradistinction to all other types of colonies, among which 
O and S. So we have here to do with the remarkable fact of dissociates 
showing constant differences also from a point of view of metabolism 
(+ or — dextran-formation). 

It was now most gratifying that the strains of group III showed on 
the whole the same behaviour as described by MAYER for Betabacterium 
vermiforme. The strains had been first streaked a few times on plates of 
yeast-agar with 10% saccharose, or yeast-gelatine with 10% saccharose, 
in order to obtain pure cultures. Hereupon they were streaked on a 
saccharose-free nutrient medium on which no dextran could be formed, 
in view of the possibility that the dextran-forming colonies still might 
contain contaminating germs. However, when cultivating on yeast- 
agar with 2% glucose under aerobic conditions, no growth at all oc- 
curred. Like MAYER, however, I obtained satisfactory results by cul- 
tivating these plates in an atmosphere of hydrogen. 

After the strains had been cultivated for some time on yeast-agar 
with 2% glucose, also a dissociation into two types occurred. These 
types conformed to the types R and S, as described in detail by MAYER. 
The O-type only appeared quite sporadically on the plates. Also in my 
case the R-type possessed the ability to form dextran from saccharose, 
whilst the S-type was not capable to do so. The dissociation also took 
place on yeast-agar and yeast-gelatine with 10°/, saccharose. This disso- 
ciation can, of course, quite easily be observed, as non-dextran- 
forming colonies appear on the plates besides the dextran-forming co- 
lonies. When streaked on yeast-agar with 2% glucose, the dextran- 
forming colonies showed R-type colonies in excess’ on the other hand, 
when non-dextran-forming colonies were cultivated on the said medium, 
the S-colonies prevailed. 

On summarizing all foregoing observations made on the strains of 
group III is seems safe to conclude to the identity of these strains with 
Betabacterium vermiforme. 
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A few remarks will still be made concerning some properties of Beta- 
bacterium vermiforme. 

MayYER does not discuss the question why Betabacterium vermiforme 
grows well on saccharose-containing media under aerobic conditions, 
but not on glucose-containing nutrient media. In my opinion this 
phenomenon will be due to the fact that Betabacterium vermiforme is 
adapted to low oxygen tensions, and succeeds in securing the necessary 
anaerobiosis by the formation of capsules from saccharose which di- 
minish the rate of penetration of oxygen into the cells. As no dextran 
is formed on the glucose-containing nutrient media, there is no question 
here of a protecting action, and a satisfactory development only results 
when the cultivation is done under strongly reduced. oxygen tension. 

In the meantime, it is not advisable to maintain the strains on a 
medium consisting of yeast-agar with 10°4 saccharose, although, as al- 
ready observed, Betabactertwm vermiforme grows very well on this 
medium. Experience shows, however, that after a relatively short 
period (within a month) the pure cultures in tubes with yeast-agar with 
10% saccharose are no longer transferrable. Obviously, in the long run 
the oxygen still unfavourably affects the viability of the cells cultivated 
on this medium. 

On the other hand, the isolated strains of Betabactertum vermiforme 
can successfully be kept in culture tubes with yeast-agar with 2% glu- 
cose, if initially cultivated under anaerobic conditions. It is also quite 
feasible to grow the bacterium in question in liquid cultures of yeast- 
water with 2% glucose. Finally, also yeast-gelatin-e- with 10% sac- 
charose is eminently suitable for the maintenance of the strains in 
contrast to the behaviour of the cultures on yeast-agar with 10% 
saccharose. This divergence may be explained by the fact that remark~ 
ably the strains penetrate rather deeply into the gelatine — without, 
however, causing liquefaction — while in the tubes with yeast-agar 
with 10% saccharose, the growth only takes place on the agar sur- 
face. The latter bacteria are, therefore, apparently more exposed to the 
harmful influence of the oxygen. 


6. DISCUSSION OF RESULTS. 

On reviewing the results described in the foregoing chapters we may 
conclude that the study of the bacteria present in the ,,Froschlaich’’- 
grains under investigation has led to the isolation of rod-shaped lactic 
acid bacteria of three different types. One of these could be identified 
with Streptobacterium casei Orla-Jensen. Its significance for the forma- 


On the occurrence of rod-shaped, dextran producing bacteria. 247 


tion of the grains is most doubtful, since the greater part of the pure 
cultures never produced any mucus, neither on saccharose-containing 
media, nor on any other medium tried. 

The second type proved to be a new representative of the genus 
Streptobacterium to which the name Streptobacterium dextranicum was 
given, because it had the property — unknown for the Streptobacterium 
species described until now — to form large quantities of dextran out 
of saccharose. Since, however, the mucus produced by this species 
always had a very soft consistency, and since encapsulated bacteria 
were never observed herein, its importance for the formation of the 
hard and tough ,,Froschlaich’’-grains can only be of a secondary 
nature. This does not mean that the occurrence of Streptobacterium 
dextranicum in the beet juice of a sugar-factory will not give rise to 
serious losses on account of the ample production of dextran from sac- 
charose. 

The third type of lactic acid bacteria isolated which could be iden- 
tified with Betabacterium vermiforme (Ward) Mayer proved to be the 
chief organism responsible for the ,,Froschlaich’’-formation. The pure 
culture on saccharose-containing media showed rods with very heavy 
capsules of exactly the same type as found in the original grains. 

This result is undoubtedly remarkable from several points of view. 

In the first place it should be noted that until now Betabactertum 
vermiforme has only been isolated from more or less exotic products, 
viz., from the ,,ginger-beer plant” and ,,the excrescence of a cane sugar 
plant from Madagascar’ by WARD, and from ,,tibi-grains’” by MAYER. 
The occurrence of Betabacterium vermiforme in Dutch soil or as a sapro- 
phyte on beets grown in Holland has, therefore, a more or less startling 
character. 

Secondly the literature on ,,Froschlaich” as appearing in sugar-fac- 
tories leaves no doubt that in by far the majority of the cases inves- 
tigated the said formation, if caused by rod-shaped bacteria, is always 
due to the action of spore-forming rods more or less closely related to 
Bacillus vulgatus: In such cases, however, chemical analysis reveals 
that the ,,Froschlaich’’ consists of laevulan. 

It seems, therefore, quite noteworthy that in the case under investi- 
gation we have met with an exception to this rule: the causative organ- 
ism being a sporeless lactic acid rod, the mucus formed having the 
composition of dextran, exactly as in the case of the most common 
,,Froschlaich’’, caused by the coccus-shaped Leuconostoc mesenteriordes. 

To these considerations only one remark should still be added. It 
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seems very probable that a ,,Froschlaich” of the same type as studied 
by us has also been described by Kocu and HosaeEwus in their publication 
already cited (13). This may be concluded from the drawings of the 
capsulated bacteria as observed by these authors, which drawings 
show a striking resemblance to the pictures given by Warp in his clas- 
sical paper on Betabacterium vermiforme. However no certainty can 
be given, since Kocu and Hosaevus have been unable to isolate the 
bacterium out of the ,,Froschlaich’’. 


Summary. 


From a ,,Froschlaich” formed in a sugar-factory, the responsible 
organism was isolated. This organism could be identified with the 
dextran-forming, heterofermentative, rod-shaped lactic acid bacterium, 
Betabacterium vermiforme, a bacterium first described by WARD as one 
of the constituents of the ,,ginger-beer plant’’ and recently recognized 
by MAYER (18) as being also one of the components of the ,,tibi’’- 
consortium. Fhus it has been shown that the formation of the ,,Frosch- 
laich” in sugar factories is not always due to Leuconostoc mesentertoides 
or to Bacillus vulgatus, but can also be caused by Betabacterium vermtfor- 
me. 

A hitherto unknown species of the genus Streptobactertum, was found 
to be an accompanying organism. This rod-shaped, homofermentative, 
dextran-forming bacterium has been described in detail as the species 
Streptobactertum dextranicum nov. spec. 
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(From the Microbiological Laboratory, Agricultural University, 
Wageningen). 


THE FORMATION OF ACETIC ACID 
FROM CARBON DIOXIDE AND HYDROGEN 
BY ANAEROBIC SPORE-FORMING BACTERIA 


by 
K. T. WIERINGA 
(Received October 1, 1940). 


In a previous paper (6) I described the bacteria which are able to 
synthesize acetic acid from hydrogen and carbon dioxide. Those in- 
vestigations had been started by SOHNGEN in the last period of his life 
as a sequel to his earlier work (5) on the methane-bacteria. Aiming to 
arrive at a pure culture of these organisms SOHNGEN chose tap water 
with mineral salts and a gas-mixture of H, and CO,, presumably a 
culture medium of highly selective qualities. In fact SOHNGEN noted 
the disappearance of 1191 cc of H, and 300 cc CO, in a fortnight. In 
this period 285 cc of CH, had been formed. As, theoretically, one 
volume of CH, is formed from 4 volumes of H, and one volume of CO,, 
51 cc of H, and 15 cc of CO, are not accounted for by the above reaction. 

In order to study this process more in detail, it was necessary to 
accelerate it. This increase in rate could be brought about by different 
means. One of these consisted in the construction of a culture apparatus 
well fitted for the purpose of gas absorption. A culture flask with a 
capacity of 2.5 1 was described and pictured in fig. 1 and 2 of my 
previous paper, and the composition of a more suitable culture medium 
was given. It contained a few inorganic salts (0.1% K,HPO,, 0.05% 
MgSO,, and 0.2% (NH,),SO,) solved in an extract of fat-free ditch 
mud, 50 g of mud (after treatment with benzine) being shaken over- 
night with a 6% NaHCO, solution and filtered through a filter candle 
(Leune no. 7) directly into the flask. Finally 1 cc of a sterile saturated 
Na,S-solution and 5 mg FeSO, are added per 1. In this way the medium 
is poised to maintain a low redox level. Also the presence of colloidal 
FeS seems to be favourable, as has also been stated by LIESKE c.s. in 
experiments on reduction of CO and CO, to CH, (1,3). Inoculation of 
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1 cc or less of a crude culture in this medium will get a subculture to 
start within a week generally. Sometimes, however, the incubation 
period is a fortnight or more. 

Now it was found that subcultures of this type sometimes may 
absorb large amounts of hydrogen without any formation of CH,. 
Microscopical examination of such cultures shows the presence of club- 
shaped spore-bearing bacilli. Inoculation of 10 cc of the pasteurised 
culture in a new flask gives a subculture which appears to contain 
hardly any but the latter bacilli. It is relatively easy to obtain a pure cul- 
ture of these organisms by sowing a pasteurised culture on agar plates. 
Initially the agar was made up of the usual tap water agar, to which, 
next to mineral salts, 1/, of sterile filtered mud extract had been added; 
these plates have to be placed in an exsiccator filled with hydrogen. 
Subsequently malt extract agar was substituted for tap water agar; 
this medium gives a more abundant growth. Moreover the sugar in this 
alkaline medium warrants a low redox potential, and forms a good 
source of energy for these organisms. That is why it is possible to dis- 
pense with the hydrogen atmosphere, and to cultivate the bacteria 
in deep layers in ordinary culture tubes. Pure colonies of the bacilli 
described above will grow abundantly in a stoppered flask filled with 
a liquid medium consisting of 2 parts of malt extract and 1 part of 
NaHCO,-mud extract. No gas is formed in this medium. After some 
days the dense turbidity caused by bacterial growth will settle, leaving 
the liquid quite clear and transparent. Inoculation of the sediment of 
such a culture into a flask with mud extract and H, will show, usually 
within 2 or 3 days, a very rapid disappearance of the Hy. 

The rate-of the assimilation of hydrogen was measured manometri- 
cally. To this end manometers were fastened to a column placed cen- 
trally upon the disc and connected to the side-tube of the culture 
flasks. In active cultures a nearly total vacuum will occur in 48 hours 
as shown in fig. 1. The curve runs down steeply at first and later goes 
nearly parallel to the time axis. In the case of crude cultures the 
initial course of the process is the same. The endpoint, however, will 
be reached at a much higher pressure of the gas, one part of CH, being 
formed when 4 parts of H, have been consumed. So the process stops 
when the gas pressure has decreased to 1/, of the original. 

As can be taken from fig. 2 a simple mathematical relation exists 
between the rate of assimilation of the hydrogen and the pressure of 
this gas. If the logarithms of the pressure are plotted against the time 
a straight line results. Mathematically this means that — log Py = Kt 
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— log Po, when Pp = pressure at a time t = 0 and P; = pressure at 


1 in 

a time = t. The reaction constant K = % log —*. In the units chosen 
t 

here (vzz., mm of Hg and hours) K = 0.0265. As [H,] (= conc. of hy- 


drogen molecules) may be substituted for P, —log [H,} = Kt — 
— log [H,], and on differentiation 


—d (Hy) ~ 


K. 
dt 


Supposing the gas to be pure hydrogen, this means that at any mo- 
ment the number of H, molecules used for synthesis of acetic acid is 
proportional to the number of molecules present. This supposition holds 
fairly true, but at the end of the process, when most of the hydrogen 
has been assimilated, the curve shows a distinct deviation from the 
straight line as can be seen in fig. 2. This is caused by the vapour pres- 
sure and the pressure of CO,, which are then relatively high. 


Pseeeey 


Fig. 1. Relation of H,-pressure Fig. 2. Relation of H,-pressure 
and H,-absorption. and H,-absorption. 


As stated in my previous paper H, and CO, are combined by these 
bacteria to acetic acid: 
4H, + 2CO, = CH,COOH + 2H,0, 


or, when NaHCO, is used as a source of CO,, as was the case in these 
experiments: 


3NaHCO, + 4H, =- CH,COONa + Na,CO, + 4H,0. 
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In the latter case it is clear that the liquid must become more and 
more alkaline in spite of the acetic acid formed. Carbon dioxide has 
to be added in order to allow the process to go on. HC] may be added 
to the same purpose. As long as Na,CO,; is present the culture will 
continue to absorb H,. As an example I mention a culture inoculated 
on 29-VIII-’38. When the pH (measured by the glass electrode method) 
had gone up to 9.56, 5 cc of concentrated HCl were added, bringing 
the pH down to 9.12. The next day again 5 cc of HCl were added. The 
pH was now lowered to 7.80. Table 1 shows the increase of H, absorb- 
tion effected by these additions. The total alkali and NaHCO, were 
determined in 5 cc of the liquid. 


Table 1. 
H, HCl Total alkali in 
assimilated | PH | added |5 cc of the liquid | N#H#C0: 
Sept. 7 400 = — Ss ed 
ae BE: 1560 = pa ae ae 
et int) 1230 = oe sale oo 
bk Be 1300 — = = ams 
aS ae 1320 — a ais = 
eat 1190 = = $5 ¥P 
rah 3 1000 me = Ee od 
eid 680 9.12 = se — 
aoe TS 500 aes = = se 
ing AG 600 oo oe oe = 
sehen 17 450 9.56 5 cc 21.6 5.2 
va OW = 9.12 5 cc 16.1 9.1 
wae 8 1090 7.80 a _ Be 
AES 940 = = Sa Sc 
aims) 1130 = = eS = 
el 1000 ae one ae. wae 
pee 800 — = pias Bes 
- le DS 220 9.65 — 7.0 ) 


When no CO, or H, is added the pH will go on rising until the culture 
stops taking up H,. An example of this is given in Table 2.Initially 
the total alkali in 5 cc titrated 24.9 cc N/10, the NaHCO, taking 19.4 cc 
N/10; pH was 8.6. At the end the pH was as high as 10.4. 
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Table 2. 
Volumes of H, Volumes of H, 

ware ch absorbed | Date absorbed 
28—XI —’38 170 cc 5—XITI-’38 890 "ce 
2 eR BS 21205; foe is cee ee L270=5, 
Oa, hwy, LAT Olmos 3 TiS vis situs 16 Ole 
1-—XII-’38 ESO00.3., Bi char eiseyeue 1140 ,, 
Le Ne 128055 ea iete cians LOSOR. 
Oe we ene 1200); VO ere cee 805,, 
A Ne oe Hi20es: Lee oe OMe: 


As the hydrogen ion concentration is a very important factor in these 
cultures a series of flasks was filled with mud extract, brought to dif- 
ferent pH by addition of HCl or NaOH. In these flasks the assimilation 
of H, was measured during 42 days. The total alkali and bicarbonate 
alkali were measured before and after this period by titration of 5 cc of 
the solution. Table 3 gives the results of the experiments. 


Table 3. 
e Total alkali| NaHCO, Total alkali NaHCO, saat ene 

| in 5 ce (of solution) in 5 cc (of solution) | lated (1) 
1 19.9 19.6 7.18 = a a 0.0 
2 24.6 23.2 7.6 a a 7.9| 0.360 
3 27.9 25.3 8.1 18.1 1.8 10.1] 19.620 
4 Po the 22.0 8.6 20.2 4.1 10.0} 14.040 
5 28.3 19.6 9.0 23.6 6.6 10.1 9.360 
6 34.1 10.2 9.5 31.8 1.8 10.2] 6.970 
7 42.3 4.6 |10.0 — == 10.0} 0.490 
8 45.7 1.0 |10.5 = == 10.5] 0.0 


From this experiment it follows that the optimal pH is in the neigh- 
bourhood of 8 or 8.5. At a pH of 7 or 10.5 the process will not start at 
all. The pH reached in the end is not appreciably above 10. However, 
the behaviour of some of these cultures appeared to be at variance with 
the expectation. This might be ascribed either to the variability in the 
bacteria or to the culture media. None of the cultures of Table 3 was 
as vigorous as could be hoped. The highest figure of H, taken up in 1 
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day was 1320 cc, whilst other cultures used 1500 cc or even more in 


the same time. 
From fig. 2 it follows that the best conditions for the hydrogen assi- 
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milation may be expected when the gas pressure is kept 
constant. To avoid too high a pH, CO, has to be supplied 
along with H, without interrupting the rotation of the 
flasks. To this end the gas inlet of a culture flask was 
connected to a hydrogen generator, the gas current passing 
through a gasmeter. A bell jar (b) plunging in an oil-bath (a) 
was interposed between the gasmeter and the flask (see 
fig. 3). The central tube (c) of the oil bath was connected 
to the culture flask. The oil bath carried a ball-bearing (d) 
by which the bell jar could rotate. This apparatus was 
placed in a central column upon the disc. The gasmeter 
may be connected alternatively with a H,- and a CO,- 
generator. An experiment carried out in this way follows 
in Table 4. 


Tablesd. 


; Volumes of gas recorded 
Time by the gasmeter 


1 4510 4 

2) le2660 980 

3 2320 1050 

4 -_ 3955 

7 7595 1470 

9 5160 960 
=10 2480 = 

11 _ 3780 
Total 24725-—0| 12195 Fi 


In these 11 days more than 21a day of H, had been taken up, the 
highest amount being 4.5 1. At the end of the period the pH was 7.96. 
The total alkali of the solution titrated 13.35 cc N/10, all of it being 
present as NaHCO. The alternative administration of H, and CQ, not 
being ideal, maximal achievements cannot be expected under these cir- 
cumstances. 
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Now in attempting to classify the organism described here, I will 
repeat its most prominent characters determined thus far. Morpho- 
logically the organism is an obligately anaerobic spore-forming motile 
schyzomycete, producing plectridia at sporulation. Among the biolo- 
gical characteristics the formation of acetic acid can be placed in the 
foreground. This acid is not merely formed from H, and CO,, but also 
from sugar. In a mixture of 2 parts of malt extract to 1 part of mud 
extract 0.3% to 0.35% of acetic acid had been formed in a week. The 
acid has been determined by destillation. Before acidifying, the carbon 
dioxide was eliminated by addition of sufficient baryta. After filtering 
through paper 50 cc of the filtrate were acidified with H,SO, and. dilu- 
ted to 400 cc with distilled water. This solution was distilled using the 
method of KNETEMANN (2). An organism with these characters could 
not be found in literature; so it must be given a name. Its morphology 
makes it evident, that it is to be+classified in the genus Clostridium 
Prazmowski. As a species-name I propose aceticum. The organism will 
then be called Clostridium aceticum n.sp. This name seems logical and 
in analogy with Clostridium butyricum occurring in the same genus. 


Now it will be tried to answer the question: ,,is there a growth pro- 
moting substance present in the mud extract, and if so, what is its 
nature’. It has been shown, that in a mineral solution with an atmos- 
phere of H, and of CO, no appreciable growth is possible without mud 
or mud extract in the presence of alkali such as NaHCO. But even in 
cultures in malt extract the addition of the mud extract is very impor- 
tant. It is easy to show, that this is not simply caused by the alkalising 
action of the NaHCO,. When cultures in the mud extract - malt ex- 
tract mixture are compared with those in malt extract alkalized with 
NaHCO, growth is much more rapid in the former. In a number of 
such experiments the growth of Cl. aceticwm was measured by deter- 
mining the turbidity with the Pulfrich turbidity meter. Small samples 
of the culture medium were taken out of the flasks and replaced by Ng. 
The flasks were shaken during 2-3 minutes before sampling. An example 
of such an experiment follows in Table 5. 


258 K. T. Wieringa, 


Table 5. 


Time Turbidity in 


in hrs. | NaHCO, | mud extract 


5 66 10 
224 133 431 
27 156 631 
29 186 2552 


Other experiments gave similar results. So the extract was proven to 
contain one or more substances stimulating the growth of Cl. aceticum. 
These substances were not minerals, as was' shown by adding ashes of 
the mud extract to cultures in malt extract as well as in synthetic media. 

As was stated before, sterilising the mud extract will impede its 
stimulating action. One reason is the desintegration of NaHCO, by 
heat which results in too high a pH. On the other hand organic materials 
in an alkaline medium may desintegrate by sterilisation. In order to 
decide between various possibilities the bicarbonate mud extract was 
dialysed through cellophane in streaming tap water. Preliminary ex- 
periments had shown, that during dialysis a part of the activety was 
lost. Therefore a second portion was dialysed after acidifying the mud 
extract. The dialysis was continued until neutral reaction (2 days). 
Now half of either portion was boiled during 10 minutes and afterwards 
filled up to the original volume. With these 4 portions the following 8 
solutions were made after addition of 2 parts of malt extract to each 
of them. 


Alkaline mud extract dialysed 
a. Not boiled + 4% Na,HPO,, pH = 8.08, turbidity = 4 


abate » +1% NaHCO;, pH = 8.40, 55 =4 
c. Boiled + 4% Na,HPO,, pH = 8.30, 5 =4 
(ane + 1% NaHCoO,, pH = 8.24, 2 = 6 


II. Acidified mud extract dialysed 
a. Not boiled +. 4% Na,HPO,, pH = 8.08, turbidity = 6 


i x 445° NaHCoO,; , pH 8.22, ws —] 
c. Boiled + 4%, Na,HPO,, pH. = 8.28, or == 14 
Re ES + 1% NaHCO,;—pH = 8.28, a == WS 


Finally these solutions were sterilised by filtering, and inoculated 
with a fresh culture of Cl. aceticum. At different times the turbidity 
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and the acetic acid produced were measured. These were as follows in 
Table 6. 


Table 6. 
oR AE Se a el I ee 


Turbidity after hours peahlovacid in j50e5 
No. of culture after hours 

31 oho 45 93 
Ta ZT 138 3.9 1238 
b 167 2s, 8.4 — 
c 90 175 4.7 WAS 

ad 82 2462 8.4 15 
Ila 23 126 4.7 15.4 
b 230 2515 9.7 15.6 
c ZAIZ2 1894 8.4 iS a7 
d 259 2572 9.3 16.1 


In another experiment addition to the malt extract of dialysed and 
not dialysed mud extract were compared with the mere addition of 
NaHCO, . 

Also the effect of dialysing the malt extract was studied; in this case 
mud extract and 1% glucose were added. Once more sodium bicarbo- 
nate and phosphate were compared as buffers. In these solutions only 
the turbidity has been measured (see Table 7). 


Table 7. 


Turbidity after hours 


o | 22 23.5| 27 | 30 | 32 


malt extract + mud extract. . 7.44138 | 180/251 |1400)2077 
malt extract + dial. mud extract + 1% 

NaHCO, NiZa a7 al Loo Zh 635} 710 
malt fod Or + dial. med eiteet - 4% 

Na,HPO, : .|24.6] 88 98/173 | 481} 688 
dial. malt extract + ll parece + 1 of 

glucose. {12.1} 19.3) — | 45.3] 48) 53.3 
malt extract + ‘NaHCO,. |24.4 25.6| — | 36 53mm 


From these experiments it follows, that during dialysis of the mud 
extract part of its active substances are lost. Dialysing of slightly aci- 
dified extract is but little less harmful than when the extract is left al- 
kaline. During dialysis of the malt extract important substances 
— presumably mineral salts and sugars — are lost. The mere addition 
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of sugar is not sufficient to compensate the loss. Boiling of the neutral 
malt extract does not impede its activity. NaHCO, seems to be some- 
what better as a buffering substance than Na,HPO,. As far as my ex- 
perience goes, the active substance in the mud extract is organic in 
nature and has a rather small molecule. Perhaps aggregates of molecules 
are present, somewhat peptonised by alkali. Experiments on the influ- 
ence of adding the dialysate to the dialysed fluid could not be made 
through the lack of a suitable dialysator, but they will be taken in the 
future. 

In absorption experiments it was shown that active coal can absorbe 
all of the active principle from the mud extract, provided the extract 
has been neutralized beforehand. It is sufficient to-add 5 g of active 
coal (,,noriet’’) to the extract, to shake for some minutes, and then to 
tilter through paper. The filtrate, which is nearly colourless, is free from 
the specific growth promoting substances, which now occur upon the 
coal as was indicated by turbidity measurements. Coal thus treated 
may now be sterilized without losing its activity. 

It was furthermore tried to concentrate the active substance by the 
chromatographic method (7). The mud extract was therefore filtered 
through various substances such as Al,O,, CaCO 3, kaolin and CaSQ,. 
Of all these substances only CaSO, retained the active principle, whilst 
in the other cases the filtrate was as active as the mud extract itself. 
When, however, the mud extract is filtered through a 10 cm column of 
CaSO,, the filtrate, of a slightly brown colour, is nearly inactive. The 
upper 2 cm of the CaSO, have held back the bulk of the brown substan- 
ces. In this layer the NaHCO, of the mud extract has acted upon the 
CaSO, to form CaCO;. Instead of CaSO, other Ca-salts such as CaCl, 
and Ca-acetate can be used. to concentrate the active substance by 
precipitation. When the precipitate, existing chiefly of CaCO, is 
treated with HCl a brown precipitate is formed again, as soon as the 
CaCO, has been transformed to CaCl, and the solution becomes acid. 
After centrifugation this precipitate can be taken up in NaHCO. This 
solution is as active as the normal mud extract. No further experiments 
were carried out to purify the substance or to determine its chemical 
composition. Nothing can as yet be stated as to the nature of its che- 
mical action. It is not known whether it acts as a food substance or 
merely in a chemical or physical way e.g., such as stabilising the redox 
potential at a more suitable level. Such a possibility was taken into 
consideration because it is known that certain humic substances readily 
absorb O in alkaline media (4). 
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Therefore some experiments were carried out in order to get an idea 
of the redox potentials in culture media to which different substances 
had been added. Simultaneously the pH was measured in these media 
by the glass-electrode method, and growth was estimated by a rough 
evaluation ofthe turbidity. Inoneexperiment 5 solutions were compared: 

1) 2 parts of malt extract + 1 part of mud extract 
) as 1 with 0.05% Na,S ; 

) as 1 with 0.1 % Na,S 

) as 1 with 0.5 % Na,S 

5) malt extract + NaHCO, 

The results of this experiment can be taken from fig. 4. 


B® WO N 


days. 4 2 3 4 5 b 


Fig. 4. Change of FE; (— —) and pH (--—---- ) with time in various 
culture media inoculated at +. 


After standing for 26 hrs in the incubator at 30° C. the culture media 
were inoculated. After a lapse of 28 hrs the first to become turbid was 
no. 3 and 3 hrs later no. 2 showed turbidity. Another 3 hrs later no. 1 
and 4 became turbid, 2 and 3 being this time densely turbid. 76 hours 
after inoculation the culture in no. 2 and 3 had settled, leaving the so- 
lution clear. In no. 1 the clearing of the solution had proceeded half 
way down the flask, whilst no. 4 was quite turbid now. In no. 5 the 
medium became slightly turbid during the second day after the ino- 
culation and remained so throughout the experiment. 

From this experiment it can be concluded, that addition of Na,S 
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stabilises the redox potential on a lower level. Low concentrations seem 
to be favourable whereas high concentrations (0.5%) are injurious. 
With the mere addition of NaHCO, to the malt extract the culture 
medium is but poorly poised, the redox potential decreasing throughout 
the experiment to a very low level. The glass-electrode potentials indi- 
cate, that growth goes along with acid production. No conclusion can 
be drawn from the experiment as to the real function of the mud ex- 
tract. Perhaps a combination of NaHCO, and a redox stabiliser could 
have furnished more information. Such experiments were carried out 
using NaHCO, and thiourea added to malt extract. The latter sub- 
stance, however, proved to be poisonous in the concentration used 
(0.1%), especially when no mud extract was present. I hope to resume 
this investigation at a later date. 


Summary. 


Further experiments on an anaerobic bacillus synthesising acetic 
acid from CO, and H, are described. The organism in question was clas- 
sified as Clostridium aceticum n.sp. Acetic acid is also formed from sugar. 

It was shown, that at any moment the number of H, molecules used 
for synthesis is proportional to the number of molecules present. Con- 
tinuous provision with H, and CO, influences the rate of the process 
favourably. In such conditions a culture may absorb as much as 4.5 1 of 
H, a day at 30° C, 

The pH range of Cl. aceticum is between 7.5 and 10.5, the optimum 
being between 8 and 9. 

A growth promoting substance is present in alkaline mud extract. 
This substance can be concentrated by means of absorption or precipi- 
tation. Its nature is still unknown. 
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(Aus dem Centraalbureau voor Schimmelcultures, Baarn). 


BESCHREIBUNG EINIGER NEUER PILZARTEN 
AUS DEM CENTRAALBUREAU VOOR 
SCHIMMELCULTURES, BAARN (NEDERLAND). 


VI. MITTEILUNG 


von 


F. H. VAN BEYMA THOE KINGMA 
(Eingegangen am 21 September 1940). 


Emericellopsis terricola nov. gen. nov. spec. 


Dieser Pilz wurde von Frl. N. SCHIERBEEK in Baarn aus der Erde 
isoliert. Besonders auf kohlehydrathaltigen Nahrbéden bildet der 
Pilz zahlreiche schwarze Perithezien, deren Asci Sporen enthalten, 
welche besonders auffallen durch die Anwesenheit mehrerer hyaliner 
Saéume mit spitzen oder lappigen Auslaufern. Merkwiirdigerweise 
isolierte Frl. SCHIERBEEK noch eine Varietét dieses Pilzes mit den 
gleichen Perithezien und Asci. Die Askosporen der Varietat besitzen 
dieselbe Grdésse wie die Hauptform, weichen jedoch dadurch ab, dass 
die Sdume nicht sternférmig oder lappig geschlitzt sind, sondern glatt. 


Die systematische Stellung. 

Bei naherer Betrachtung der Gattungen, welche zu den Eurotiaceae 
gehoren, fallen in erster Reihe diejenigen Merkmale der Perithezien 
oder Askosporen auf, welche einigen Arten dieser Gattungen gemein- 
sam sind. So findet man die sogenannten ,,Hiille’’-Zellen von Asfer- 
gillus nidulans Eidam zuriick bei Emertcella variecolor Berk., welche 
Art als Konidienform wieder einen Aspergillus, A. stellatus Curzi be- 
sitzt (4). So besitzen die Askosporen des uns hier beschaftigenden 
Pilzes ahnliche leistenférmige Vorspriinge, wie sie bei Penscilliopsis 
clavariaeforme Solms-Laub. auftreten (7), zugleicher Zeit aber geht von 
diesen Vorspriingen je ein fliigelartiger, lappig aufgeschlitzter Saum 
aus, wie man bei den -Askosporen von Emericella variécolor beobachten 
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kann. Die Askosporen unseres Pilzes vereinigen demnach zwei Merkma- 
le verschiedener Gattungen in sich und es drangt sich die Frage an uns 
auf, wohin denn nun dieser merkwiirdige Pilz zu stellen ist. CIFERRI (4) 
hat in seiner Veréffentlichung iiber Emericella variecolor ein Schema fiir 
die Eurotiaceae angegeben, das zwar nicht alle dahin gehérigen Gat- 
tungen aufzahlt, jedoch immerhin der Einteilung nach CLEMENTS und 
SHEAR (5) gegeniiber gewisse Vorteile zu bieten scheint. In diesem 
Schema werden die Askusfriichte mit ,,Hille’-Zellen der Gattung 
Emericella zugewiesen, wahrend die mit einem fliigelartigen Saum ver- 
sehenen Askosporen zu Samarospora gestellt werden. Da bei unserem 
Pilze die ,,Hiille’’-Zellen fehlen, kame also Emericella nicht in Frage. 
Ebensowenig passt der Pilz in die Gattung Samarospora hinein wegen 
der leistenformigen Vorspriinge der Askosporen. Auf Grund dieser 
Ueberlegungen miissen wir denn auch die Notwendigkeit zur Aufstel- 
lung einer neuen Gattung fiir unseren Pilz als zu recht bestehend er- 
achten. Diese Gattung, welche wir Emertcellopsis nennen méchteu, 
wiirde am besten seinen Platz in dem CIFERRI’schen Schema neben 
Emericella finden. 


Emericeltofsts nov. gen. 


Perithezien kugelig, braunschwarz, mit einer aus mehreren Schichten 
dichtverflochtener Hyphen bestehender Wand bekleidet, mit scheitel- 
standigem Porus sich 6ffnend. Asci kugelig, hyalin, 8 Sporen ent- 
haltend. Askosporen ellipsoidisch, leicht braun gefarbt, mit einem 
grossen Oeltropfen und 2—5 dunklen, leistenférmigen, sich an den 
Polen vereinigenden oder sich nahernden Vorspriingen, von denen je 
ein hyaliner, sternformig oder lappig aufgeschlitzter Saum ausgeht. 
Diese Saume sind bei Vorderansicht der Sporen als peitschenférmiger 
Auslaufer sichtbar. Als Konidienform tritt ein Cephalosporium auf. 


ast eanuesicehse, MBrers.¢ hase Iu) emis: 


Peritheziis globosis brunneonigris, peridio circumdatis hypharum dense 
intertextarum, poro aperiente. Ascis globosis hyalinis, octosporis. As- 
cosporis ellipsoideis subbrunneis cum magna gutta oleagina et 2—5 
zonis, inter utrosque polos exstantibus, quae omnes praeditae sunt hya- 
lina margine gelatinosa cum digitiformibus processibus. Forma conidio- 
phorae Cephalosporium est. 
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Die Beschreibung des Pilzes lautet: 


Emericellopsis terricola nov. spec. 


Perithezien kugelig, braunschwarz, mit einer aus mehreren Schichten 
dichtverflochtener Hyphen bestehender, etwa 10 uw dicker Wand, bei 
der Reife mit scheitelstandigem Porus sich 6ffnend, meist 80—90 a 
gross. 

Asct kugelig, mit hyaliner Wand, verganglich, 8 Sporen enthaltend, 
14—16 wp gross. 

Askosporen ellipsoidisch, leicht braun gefarbt, (8B—8,7) x (4,7—5,3) u 
(Mittel aus 50 Sporen 8,49 x 5,12 u), mit einem 4 grossen, hyalinen 
Oeltropfen und 2—5 dunklen, leistenférmigen, sich an den Polen ver- 
einigenden oder sich daselbst nahernden Vorspriingen, von denen je 
ein hyaliner, sternférmig oder lappig aufgeschlitzter Saum ausgeht, 
welcher bei Vorderansicht der Sporen als peitschenformiger Auslaufer 
erscheint. 

Cephalosporium-Form. 


Konidienképfchen etwa 5—7 wu gross. 

Konidientrager lang und schmal, gerade, meist in der Mitte etwas 
erweitert, 30—40 p lang, an der Basis 2—3 y dick, hyalin. 

Konidien ellipsoidisch oder eif6rmig, hyalin, oft mit einem oder zwei 
Oeltrépfchen, (6—8) x (3,3—4) w (Mittel aus 50 Konidien 5,82 x 
3,45 uw); meist (5,3—6,7) xX (3—4) wu. 

Reinkulturen: 

Auf Bierwiirze-Agar in einer Petrischale nach 10 Tagen: 
kleine rosafarbene Kolonien mit glatter, feuchter Haut. Unterseite 
rotlich gelb. Desgl. nach 24 Tagen: Kolonien 4 cm, bestehend aus einer 
feuchten, rosafarbenen Haut, Farbe zwischen 91 und 116 (Code des 
Couleurs), mit zahlreichen radidren Falten. Keine Perithezien. Unter- 
seite rétlich gelb. 

Auf Haferflocken-Agar in einer Petrischale nach 2 Mo- 
naten: Kolonien 5—6 cm, bestehend aus zahlreichen Perithezien, 
welche in schénen Zonen angeordnet sind (8 Zonen auf | cm). An den 
Stellen, wo die Perithezien entstanden sind, ist der Agar durchsichtig 
geworden. 

Hab. Aus der Erde in Baarn (Frl. N. SCHIERBEEK). 
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Late niisici hie Bie sic haem buns: 


Peritheziis globosis brunneonigris peridio 10 yp, crasso, 80—90 uw. Ascis 
globosis octosporis, 14—16 ». Ascosporis ellipsoideis subbrunneis (8—-8,7) 
x (4,7—5,3) p cum magna hyalina gutta oleagina et 2—5 zonis exstan- 
tibus inter utrosque polos quae omnes praeditae sunt hyalina margine 
gelatinosa cum digitiformibus processibus. 

Forma cephalosporii: Caespitulis 5—7 pw. Conidiophoris longis et te- 
nuibus, rectis, in medio largioribus, 30—40 u longis, basi 2—3 wy largis, 
hyalinis. Conidiis ellipsoideis vel ovoideis hyalinis saepe biguttatis, ple- 
rumque (5,3—6,7) x (3—4) uw. 


TTT 
Aili ni 
Aity 


i 


CN 


Fig. 1. Emericellopsis terricola. Fig. 2. Emericellopsis terricola. 


a. Perithezium. Vergr. 245 x. (Cephalosporium-Form). 
b. Askus. Vergr. 750 x. 
c. Askosporen. Vergr. 1080 x (Oelimmersion). a. Hyphenstrang mit Konidientragern. Vergr. 
d. Askosporen. Vorderansicht. Vergr. 1080 x 245 x. 
(Oelimmersion). b. Konidientrager. Vergr. 750 x. 


c. Konidien. Vergr. 750 x. 


Die Varietat unterscheidet sich von der Hauptform nur dadurch, 


dass die Sdume der Askosporen glatt sind statt eingeschlitzt. Wir 
nennen diese Varietat: 


Emericellopsis terricola var. glabra nov. var. 


Auch das Wachstum auf Bierwiirze-Agar in Petrischalen ist ver- 
schieden, wie aus Folgendem hervorgeht: 
Reinkulturen: 


Auf Bierwitirze-Agar in einer Petrischale nach 24 Tagen: 
Kolonie 4 cm, im Zentrum stark gefaltet und etwas erhaben; von 
hieraus gehen zahlreiche tiefe, radiare Falten. Die Oberflache ist filzig 
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und gelblich weiss. Die Kolonie ist am Rande etwas in den Agar hinein 
gewachsen. Unterseite 136. Keine Perithezien. 

Desgl. nach 2 Monaten: Die Perithezien erscheinen in den zentralen 
Partien. Die Decke farbt sich hier etwas violett, 0471. Es werden grosse 
farblose oder gelbliche Wassertropfen ausgeschieden. 

Auf Haferflo cken-Agar ist das Wachstum der Hauptform 
ahnlich. Auch hier werden die Stellen, wo die Perithezien sich in sché- 
nen Zonen bilden, durchsichtig. 


Patent esc hieo Ss es ch 1.60 bun, 2: 


A typo differt cum gelatinosa margo non digitiformibus processibus 
praedita, levis sit. 


Penicillium (Carpenteles) euglaucum nov. spec. 


Dieses Penicillium wurde von Dr. MARIE LEDEBOER in Natal (S. 
Afrika) isoliert von der Gerbsaure Akazie Acacia mollesjuna (black 
wattle). Es trat in Verfarbungen auf der Rinde des Baumes auf. 

Der Pilz ist dadurch interessant, dass er Carpenteles asperum Shear 
nahesteht, jedoch deutliche Unterschiede mit diesem zeigt. SHEAR (10) 
glaubte mit der Beschreibung des Carpenteles asperum das Penicillium 
glaucum Brefeld’s wiedergefunden zu haben. Die Anordnung der Asci 
in den Perithezien war ihm zwar nicht deutlich, doch glaubte er eine 
kettenférmige Entwicklung vermuten zu kénnen. EMMons (6) wies 
jedoch nach, dass bei Carpenteles asperum die Asci seitlich an den dsko- 
gonen Hyphen entstehen und nicht in Ketten. Wir haben nun leicht 
feststellen kénnen, dass bei Penicillium euglaucum die Asci wohl in 
Ketten entstehen. Damit wiirde dieses Penicillium der Beschreibung 
BREFELD’s besser geniigen wie Carpenteles asperum und auch wie Pe- 
nicillium egyptiacum van Beyma (1), dass von Emmons ebenfalls hier- 
her gezogen wird. 

Die Entwicklung der Konidientrager steht bei unserem Penicillium 
erheblich hinter derjenigen der Perithezien zuriick. Auf fast allen 
Nahrbéden ist die Bildung der Konidien sparlich. Die Konidientrager 
sind zart, glatt, 2—3 yp breit. Oft sind sie einfach oder gabelig ver- 
zweigt, ohne Metulae. Bei iippiger Entwicklung jedoch endigen die 
Trager in 3 Aestchen, deren Metulae oben blasig erweitert sind. Die 
Grésse dieser Metulae ist 10—12 yp, die Breite an der Basis 3 uy, am 
Scheitel 3,7—4,7 yp. Die Sterigmen sind flaschenférmig, schmal, oft 
mit deutlichem Halse, 3—6 an der Zahl. Die Konidien sind kugelig 
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(Unterschied mit Carpenteles asberum, wo sie langlich rund sind) und 
mit Oelimmersion etwas rauh. Die Grosse betragt 2—2,3 uw (— 2,7 uw); 
sie entstehen in langen divergierenden Ketten, mit deutlichen Disjunk- 
toren. Dem Habitus der Konidientrager nach kénnte der Pilz in die 
Gruppe Biverticillata-symmetrica nach THOM eingereiht werden. 

Die Perithezien entwickeln sich auf allen Nahrbdden in grossen 
Massen. Sie sind anfangs farblos, spater, besonders in Massen, zeigen sie 
eine hell-graubraune Farbe. Die Perithezienwand besteht aus dick- 
wandigen, polygonalen Zellen und zeigt eine derartige Harte, dass die 
_ Perithezien kaum von einem Deckglaschen zerquetscht werden konnen. 
Sie sind von einem zarten, weissen Myzel tiberwachsen, worin zahlreiche 
farblose Wassertropfchen. Die Grdsse der Perithezien ‘betragt unge- 
fahr 300—400 uw. Die Asci entstehen in Ketten und sind (8—9) x 
(6,7—7,3) w gross. Sie enthalten 8 Sporen. Die Askosporen sind kurz 
ellipsoidisch, meist (3,3—-4) x (3—3,3) w gross (Unterschied mit 
Carpenteles asperum, wo dieselben (2,8—3) x (2—2,3) w gross sind). 
Mit Oelimmersion betrachtet zeigt es sich, dass sie etwas stachelig sind. 
Ebenso wie die Askosporen von Carpenteles asperum besitzen sie eine 
deutliche, 4quatorial verlaufende Leiste. Diese ist jedoch mehr hervor- 
ragend wie bei Carpenteles asperum, eine Furche zwischen den Rand- 
leisten wurde nicht beobachtet. 


Die Beschreibung des Pilzes lautet wie folgt: 


Penicillium (Carpenteles) euglaucum nov. spec. 


Konidtentrager meist als kurze Aeste fertiler Hyphen, 2,3—-2,7 p 
breit, glatt; einfach oder gabelig verzweigt, bei tippiger Entwicklung 
in zumeist 3 Aestchen endigend. 

Metulae keulig, glatt, 1O—12 lang, an der Basis 3 u breit, am Schei- 
tel zu einer 3,7—4,7 wp breiten Blase erweitert. 

Sterigmen flaschenférmig, lang und schmal mit deutlichem Halse, 
3—6 an der Zahl. 

Konzdien in langen, diyergierenden Ketten mit deutlichem Disjunktor, 
klein, kugelig, mit Oelimmersion betrachtet rauh, 2—2,3 yw (— 2,7). 

Perithezten massenhaft, kugelig oder langlich rund, steinhart, an- 
fangs farblos, spater, besonders in Massen, hell-graubraun, mit harter 
Wand aus dickwandigen, polygonalen Zellen, von einem sp§rlichen, 
weissen Myzel tiberwachsen, 300—400 pu gross. 

Asci kugelig oder langlich rund, in Ketten entstehend, (8—9) x 
(6,7—7,3) w gross, 8 Sporen enthaltend. 
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Askosporen ellipsoidisch, mit Oelimmersion betrachtet etwas rauh 
oder stachelig, mit einer deutlichen, aquatorial verlaufenden Leiste, 
(3,3—4) x (3 —3,3) u, hyalin. 

Reinkulturen: 

Auf Bierwitirze-Agar in einer Petrischale nach 10 Tagen: 
Langsam sich ausbreitende Kolonien, filzig-wollig, weiss, 2,5 cm im 
Durchmesser, die grésseren mit 4—5 tiefen, radidren Falten und 
mehreren deutlichen Zonen. Rand feinwollig. Farbloser Saum 0,5 mm. 
Die Kolonien sind am Rande etwas in den Agar hinein gewachsen. Kein 
Geruch. Noch keine Perithezien. Unterseite mit Falten und Zonen, im 
Zentrum der Kolonien etwas hohl, rétlich gelb. Sparliche Konidien- 
bildung. 

Auf R6hrchen nach 14 Tagen: 

Auf Bierwtirze-Agar: stark gewélbte Haut mit vielen weissen 
Perithezien und zahlreichen farblosen Wassertrépfchen. Oben im R6hr- 
chen beginnende Konidienbildung, Farbe zwischen 373 und 367. Riick- 
seite 158, stellenweise etwa 78. 

Auf Kirsch-Agar: flache Haut mit zahlreichen Perithezien, 
unten im R6éhrchen in Zonen. Zahlreiche Wassertropfen. Oben be- 
ginnende Konidienbildung. Riickseite intensiv rot, etwa 43—44. 

Auf MGhre: ganz bewachsen mit einer faltigen Haut, worauf 
zahlreiche Perithezien, weiss mit braunlichem Stiche. Grosse farblose 
Wassertropfen. Das Stiick ungefarbt. 

Auf Kartoffelstick: fast ganz bewachsen mit einer faltigen 
Haut, worauf zahlreiche Perithezien, weiss bis hell-braunlich, stellen- 
weise ergriint durch Konidienbildung, 343. 

Auf Raulin: stark gefaltete weisse Haut. Keine Perithezien oder 
Konidien. 

Auf Reis: 1 cm tief gewachsen, oben filziges, weisses Myzel. Der 
Reis fast farblos. 

Auf Haferflocken- oder Maismehl-Agar: zahlreiche 
Perithezien, in Massen hell-graubraun. Luftmyzel fehlt fast ganz. Keine 
Konidien. Zahlreiche farblose Wassertropfen. 

Hab. Von Verfarbungen der Rinde einer Akazie (,,Wattle’’) in Natal 
(M. LEDEBOER). 


Lateinische Beschreibung: 
Conidiophoris 2,3—2,7 p levibus, simplicibus vel uno ramo praedites. 


Metulis claviformibus, levibus, 10—12 yp longis, 3 y» largis, apice largiori- 
bus usque ad 3,7—4,7 u; 3—6 sterigmis lagoeniformibus longis et an- 
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gustis. Conidiis longe catenatis cum disjunctore, globosis 2—2,3 uw. 

Peritheziis numerosis globosis vel oblonge globosis plus vel minus 
brunneis 300—400 yu. Ascis globosis vel oblonge globosis, catenatis, oc- 
tosporis, (8B—9) x (6,7—7,3) u. Ascosporis ellipsoideis paulum rudibus 
aequatoriali zona (3,3—4) x (3—3,3) yw praeditis. 


Fig. 4. Penicillium euglaucum. 
a. Perithezien. Vergr. 30 x. 


ig. , icalh¢ euglaucum. b. Asci. Vergr. 750 x. 
Fig 3. Penicillium f c. Askosporen. Vergr. 1080 x (Oelimmer- 
Konidientrager und Konidien. Vergr. 750 x. sion). 


Penicillium (Carpenteles) baarnense nov. spec. 


Aus der Erde in Baarn isolierten wir ein Penicillium, welches auf 
kohlehydrathaltigen Nahrbéden zahlreiche Perithezien erzeugte. Ein 
Vergleich mit den in der Sammlung des Centraalbureau vorhandenen 
perithezienfiihrenden Arten tiberzeugte uns davon, dass wir hier mit 
einer unbekannten Art zu tun hatten. Dieses Penicillium wachst auf 
verschiedenen Nahrbéden wie Bierwiirze-Agar, Kartoffelstiicken, u.a.m. 
fast genau so wie Carpenteles asperum, wahrend die reifen Perithezien 
in der Farbe und Gestalt denen von Penicillium egyptiacum ahneln. 

Auf den meisten Agar-Nahrbéden bildet es filzige, weisse Kolonien, 
worin die Perithezien etwa vom zehnten Tage an anfangen zu er- 
scheinen, unter gleichzeitiger Bildung grosser, farbloser Wassertropfen, 
wahrend dagegen die Konidienerzeugung fast ganz unterbleibt. 

Die Konidientrager sind entweder einfach oder weisen einen Seiten- 
ast auf, der in gleicher Hohe endigt. Am Scheitel sind sie oft erweitert 
bis zu 4 u, mit etwa 4—6 Sterigmen. Letztere sind flaschenformig und 
schniiren die ovalen bis subglobosen Konidien in langen parallelen oder 
etwas divergierenden Ketten ab. Nach dem Habitus der Konidientra- 
ger gehort der Pilz in die Gruppe Monoverticillata ramigena nach THom. 
Es ist jedoch sehr wohl méglich, dass beim Weiterziichten die Konidien- 
trager auf die Dauer eine starkere Verzweigung aufweisen werden, 
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wie das auch bei Penicilliwm egyptiacum der Fall gewesen ist. 

Die Perithezien entstehen besonders auf Maismehl- und Haferflocken- 
Agar in grossen Massen. Anfangs von weissem, filzigem Myzel bedeckt, 
liegen sie in 4lteren Kulturen dem Nahrboden frei auf; sie sind kugelig, 
glatt und leicht gelbbraun gefarbt. Die kugeligen Asci, welche ketten- 
formige Anordnung zeigen, enthalten 6—8 Sporen. Letztere sind oval, 
stark lichtbrechend und von einer deutlich vorspringenden Leiste 
umgeben. Durch die kettenférmige Anordnung der Asci unterscheidet 
der Pilz sich von Penicillium luteum, Ehrlichii, javanicum, Brefeldianum 
und asperum. Ihm am nachsten kommen auf Grund der Askosporen 
Penicillium stipitatum und Penicillium egyptiacum. Bei P. stipitatum 
jedoch weisen die Askosporen nur eine ganz diinne vorspringende Leiste 
auf, ausserdem sind sie bedeutend kleiner. Bei P. egyptiacum sind die 
Askosporen nicht nur kleiner, sondern auch anders gestaltet, namlich 
an den Polen etwas abgeflacht, wahrend eine deutlich sichtbare Leiste 
fehlt. 

Wir betrachten deshalb diesen Pilz als neu und lassen die Beschrei- 
bung unten folgen. 


Pentctll1tum (Carpenteles) baarnenseé nov. spec. 


Rasen flach, filzig, weiss, erst spat teilweise ergriinend durch Koni- 
dienbildung. Die Bildung der Perithezien geht mit der Erzeugung zahl- 
reicher farbloser Wassertropfen einher. 

Konidientréger nicht zahlreich, einfach oder mit einem Seitenast, 
3—3,3 uw dick, am Scheitel meist erweitert bis zu 4 p, glatt, verhalt- 
nismassig kurz, etwa 30—60 p lang, mit 4—6 flaschenférmigen Ste- 
rigmen. 

Konidien oval bis subglobos, hyalin, glatt, in langen parallelen oder 
etwas divergierenden Ketten, meist mit Disjunktoren versehen, 
(3 St) See O0 23, BP 

Perithezien gesellig, kugelig, glatt, mit lederartiger Wand aus dick- 
wandigen, polygonalen Zellen, leicht gelbbraun gefarbt, 200—300 up 
gross. Ein Ostiolum konnte nicht beobachtet werden, die reifen Pe- 
rithezien platzen an einer Stelle auf und entledigen sich so der Sporen. 

Asci kugelig, 6—8 Sporen enthaltend, bei der Entwicklung ketten- 
formig angeordnet, 10—12 yu gross. 

Askosporen oval, stark lichtbrechend, glatt, mit einer deutlich vor- 
springenden, etwa 0,92 u breiten Leiste versehen, (4,7—5,3) x (4—4,7) pu. 

Reinkulturen: 
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Auf Bierwiirze-Agar in einer Petrischale nach 14 Tagen: Ko- 
lonie 6,5 cm, flach filzig, weiss, mit einzelnen untiefen, radiaren Falten. 
Einzelne Segmente sind ein wenig braungelb gefarbt wegen beginnender 
Perithezien-Bildung, mit grossen Wassertropfen daselbst. Rand flach, 
faserig. Farbloser Saum !1—1,5 mm. Kaum Geruch. Unterseite etwa 
0271. 

Auf Rohrchen nach 14 Tagen: 

Auf BierwiirzeAgar und Kirsch-Agar eine filzige, 
unebene Decke, 303 B—303 C, mit zahlreichen jungen Perithezien. 

Auf Méhre: das Stiick ganz bewachsen mit einer weissen, gefal- 
teten Haut. Zahlreiche Wassertrépfchen, sparliche Perithezien-Ent- 
wicklung. 

Auf Kartoffelstiick: das Stiick ganz bewachsen mit einer 
weissen, gefalteten Haut, unten im Réhrchen glatt und feucht. Spar- 
liche Entwicklung von Konidien und Perithezien. 

Auf Haferflocken- und MaismehlAgar: flache, fil- 
zige, weisse Decken mit zahlreichen Perithezien und vielen farblosen 
Wassertrépfchen. 

Hab. Aus der Erde in Baarn. 


Fig. 6. Penicillium baarnense. 


a 
b 
Cc 
d 


Fig. 5. Penicillium baarnense. 
. Perithezium. Vergr. 80 x. 

. Asci. Vergr. 750 x. 

. Askosporen. Vergr. 750°x. * 
- Desgl. Vergr. 1080 x (Oelimmersion). 


a. Konidientrager. Vergr. 750 x. 
b. Desgl. Vergr. 245 x. 
c. Konidien. Vergr. 750 x. 


Lateinische Beschreibung: 


Peritheziis numerosis globosis levibus, coriaceo pariete, subflaveobrun- 
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neis, 200—300 wu. Ascis globosis, 6—8 sporis continentibus, 10—12 ie 
Ascosporis ovoideis levibus manifeste eminenti zona circumdatis. Coni- 
diophoris simplicibus vel uno ramo praeditis, 3—3,8 u crassis apice ple- 
rumque crassioribus, usque ad 4 u, 4—6 lagoeniformibus sterigmis. Co- 
nidiis ovoideis vel subglobosis hyalinis, levibus longis parallelibus vel 
paulim divergentibus catenis cum disjunctore, (3,3—4) x (2,7—3,3) up. 


Penicillium novae-zeelandiae nov. spec. 


Dieses Penicillium wurde von J. C. NEILL in Palmerston North 
(Neu-Seeland) aus einem Apothezium einer Sclerotinia isoliert und dem 
C.B.S. als No. 684 zugeschickt. Herr NEILL war so liebenswiirdig uns, 
nachdem der Pilz als eine neue Art erkannt worden war, die Beschrei- 
bung zu iiberlassen, worauf wir dieses Penicillimm dem Lande der 
Herkunft gewidmet haben. 

Was am meisten bei diesem Penicillium auffallt sind die schwarzen 
Sklerotien, welche in grossen Massen gebildet werden. Sie treten in 
langeren, mehrfach verzweigten Verbanden auf, wie dies auch der Fall 
ist bei den Botrytis-Arten der Zwiebelpflanzen, und bilden auf kiinst- 
lichen Nahrbdden in Petrischalen sch6ne Zonen. Die Gestalt der ein- 
zelnen Sklerotien, welche 0,5—0,75 mm gross sind, ist im allgemeinen 
eine elliptische. Die Wand derselben ist lederartig und besteht aus dun- 
kelbraunen, rundlichen bis polygonalen Zellen. Auf den meisten Nahr- 
béden werden die Sklerotien bald von einem hochwolligen, weissen, 
schnellwiichsigen Myzel iiberdeckt, dessen fertile Hyphen die Konidien- 
trager hervorbringen. Diese Konidientrager sind sehr oft unverzweigt 
und erreichen eine grosse Lange, bis zu 500 uw und dariiber; anderen- 
falls besitzen sie einen Seitenzweig. Die Aussenwand der Konidien- 
trager ist, ebenso wie diejenige der Hyphen, durch zahlreiche darauf 
niedergeschlagenen Kérnchen granuliert. Die 3—4 uw breiten Hyphen 
bilden mehr oder weniger dicke Strange, welche, besonders am Rande 
grésserer Kolonien, einen mehrere mm hohen, faserig-wolligen, weissen 
Wall bilden. 

Die Konidien sind 2,3—2,7 p gross, kugelig, glatt. Sie werden in 
langen, geschlangelten Ketten abgeschniirt. Was die systematische 
Stellung anbetrifft, gehért der Pilz in die Gruppe Asymmetrica-Funi- 
culosa nach THomM. 

Da der Pilz sich erheblich von den anderen bekannten, sklerotien- 
fiihrenden Penicillien unterscheidet, wurde er als neue Art beschrieben. 
Diese Beschreibung lautet folgendermaassen : 
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Penicillium novae-zeelandtae nov. spec. 


Rasen bestehend aus zahlreichen schwarzen Sklerotien, von einem 
wolligen, weissen Myzel umgrenzt. 

Konidientrager meist unverzweigt, seltener mit einem Seitenast, bis 
zu 500 p lang und dariiber, 3—3,3y dick, 
allseitig durch darauf niedergeschlagene 
Kornchen granuliert. 

Metulae keulenformig, 8—10 p lang 
und 3—4 p dick, meist ebenfalls kérnig, 
3—5 an der Zahl. 

Sterigmen flaschenfoérmig, mit kur- 
zem Halse, meist 10 lang und 2,5—2,7 
uw dick, 2—4 an der Zahl, glatt, dicht 
beisammen stehend. 

Konidien zahlreich, kugelig, glatt, 
hyalin, 2,3—2,7 uw, in langen geschlan- 


gelten, oft divergierenden Ketten mit 


Fig. 7. Penicillium novae-  deutlichem Disjunktor, 


seclandiae. Sklerotien massenhaft, in langeren, 


. Konidientra 5 WA , 5 : Be 
Piiuaoniaieutiaceh Vere ee mehrfach verzweigten Verbanden auf- 
. Konidien. V ‘ F 3 

earns MAPS e tretend, von sehr verschiedener Gestalt, 


jedoch die ellipsoidische vorherrschend, 
schwarz, meist von einem ganz diinnen, weissen Myzel iiberwachsen, 
oft der Pilzhaut etwas eingesenkt, (400—800) x (300—500) yu gross, 
von einer aus dickwandigen, polygonalen Zellen bestehenden, leder- 
artigen Wand umgeben. 


Reinkulturen: 

Auf Bierwitirze-Agar in einer Petrischale nach 20 Tagen: 
grosse Kolonien, etwa 4cm im Durchmesser, bestehend aus zahlreichen, 
in schénen Zonen angeordneten, schwarzen Sklerotien, welche von ei- 
nem diinnen, weissen Myzel iiberwachsen sind. Die Kolonien sind je 
von einem dicken Wulst aus weissem, wolligem Myzel, 2—3 mm hoch, 
umgeben. Kaum Geruch. 

Auf Roéhrchen nach 7 Tagen: 

Auf Bierwtirze-Agar: zahlreiche Sklerotien, von einem weis- 
sen, wolligen Myzel iiberwachsen. 

Auf Kirsch-Agar: wie vorige, die Sklerotien jedoch weniger 
zahlreich. 
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Auf Méhre: das Stiick ganz bewachsen von einer faltigen Haut 
mit zahlreichen Sklerotien. 

Auf Kartoffelstick: das Stiick ganz bewachsen von einem 
weissen, wolligen Myzel, an der Glaswand etwas gelblich. Verhaltnis- 
massig wenig Sklerotien. Rand am Glase orangefarben, 161—156. 

Auf Raulin: Kleine Kolonie, filzig-wollig, ohne Sklerotien. 
Riickseite 246. 

Auf Haferflocken-Agar: diinnes, wolliges, weisses Myzel, 
fast ohne Sklerotien-Bildung. 

Auf Reis: | cm tief gewachsen, oben weisses, wolliges Myzel ohne 
Sklerotien. Der Reis etwas gelblich. 

Hab. Isoliert aus dem Apothezium einer Sclerotinia (J. NEILL, Pal- 
merston North, Neu-Seeland). 


Tae anaes’ Newel ersicunit en! blu nse 


Conidiophoris raro ramosis usque ad 500 yp longis, 3—3,3 yu crassis, 
3—5 metulis claviformibus, 8—10 p longis, 3—4 yu crassis; 2—4 sterig- 
mis levibus lagoeniformibus collo brevi, 10 uw longis, 2,5—2,7 y crassis. 
Conidiis numerosis globosis levibus hyalinis, 2,3—2,7 u, longis catenis 
saepe divergentibus, obviis disjunctoribus. Sclerotiis numerosis ple- 
rumque ellipsoideis nigris, (400—800) x (300—500) yp, coriaceo pariete 
praeditis. 


Bisporomyces chlamydosporis nov. gen. nov. spec. 


Dieser Pilz wurde von BAKHUIZEN VAN DEN BRINK aus der Erde in 
Baarn isoliert. Er wachst mit grauem bis schwarzem Myzel, von dem 
sich zahlreiche Phialiden erheben, mitunter unter Bildung aufstehender 
Hyphenbiindel, von welchen dann nach allen Seiten die Phialiden 
abgehen. Der Pilz ist besonders dadurch interessant, weil er die Ko- 
nidien genau so erzeugt, wie wir das fiir die friihere Gattung Cadophora, 
jetzt Phialophora, festgestellt haben (2). Bei unserem Pilze wird je- 
doch nicht eine Konidie jedesmal gebildet sondern deren zwei, welche 
entweder zu gleicher Zeit oder kurz nach einander erscheinen. Da- 
durch konnte der Pilz der Gattung Phialophora nicht zugeteilt werden, 
sodass wir ihn als Typus einer neuen Gattung, die wir Bisporomyces 
nennen méchten, angenommen haben. 

Die Hyphen sowohl wie die Phialiden sind bei diesem Organismus 
braun gefarbt. Nur am Scheitel sind letztere etwas heller oder fast 
farblos. Die Phialiden stehen meist dicht beisammen, sie sind sehr 
verschiedener Grésse, meist 80—100 py, kénnen jedoch eine Lange 
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von etwa 180 py erreichen. Dies kommt daher, dass manche Phialiden 
am Scheitel nicht zur Bildung von Konidien gelangen; die aus dem 
Innern hervorgestiilpte hyaline Membran nimmt in dem Falle fort- 
wahrend an Lange zu, farbt sich dabei allmahlig braun und erzeugt 
nun nach der Reife die Koni- 
dien (Fig. 8a rechts). Derglei- 
che Phialiden sind daran zu 
erkennen, dass sie etwa in 
halber Hohe eine Verbreite- 
rung aufweisen (Fig. 8d). Wie 
schon erwdhnt werden die 
Konidien nach Art der Gat- 
tung Phialophora erzeugt, das 
heisst, dass dieselben ihren 
Ursprung einer inneren Mem- 
bran entnehmen. In den mei- 
sten Fallen entstehen zwei 
Konidien zu gleicher Zeit oder 
jedenfalls kurz nach einander; 
die erstentstandene. Konidie 
erscheint seitlich am Scheitel. 
yee ee oso (Oelimmersion). Wie bei Phialophora kommt 
Chlamydosporen. Vergr. 750 x. 


Durchwachsene Phialiden und Chlamydosporen und es auch hier vor, dass eine 


Phialiden an demselben Faden. Vergr. 245 x. : ol are 
e. Spitze eines Hyphenbiindels. Vergr. 80 x. bereits abgestossene Konidie 


ee a ee a noch einige Zeit durch die 
hyaline Membran mit der Phialide verbunden bleibt. 

Die Konidien sind hyalin oder leicht gefarbt und oft mit einem oder 
zwei Oeltropfchen versehen. Ihre Gestalt ist mehr oder weniger eiférmig. 
Neben Konidien erzeugt der Pilz noch zahlreiche Chlamydosporen. 
Diese kommen besonders in 4lteren Kulturen vor, und zwar sowohl 
sitzend am Myzel wie auf kleinen Stielchen. Sie sind kugelig, braun 
und haben eine doppelte Wand. 

Fiir die Gattung stellen wir folgende Diagnose auf: 


Fig. 8. Bisporomyces chlamydosporis. 


a. 
b. 
c 
d. 


Bisporomyces nov. gen. 


Rasen rauchgrau bis schwarzlich. Hyphen braun, septiert. Phialiden 
lang und schmal, braun, septiert, am Scheitel zwei Konidien zugleich 
erzeugend nach Art der Gattung Phialophora. Konidien zahlreich, 
hyalin bis leicht gefarbt. 


Beschreibung einiger neuer Pilzarten aus dem C.B:S. PDIET 
Lateinische Beschreibung:. 


Hyphis brunneis septatis, phialidibus longis et tenuibus brunneis sep- 
tatis, cacumine bina conidia substringentibus, modo Phialophorae. Coni- 
diis numerosis hyalinis vel leviter coloratis. 


Die Beschreibung des Pilzes lautet folgendermaassen : 


Bisporomyces chlamydosporis nov. spec. 


Rasen flach filzig, oft mit Erhéhungen und Falten, grau bis schwarz, 
langsam wachsend, an der Impfstelle oft mit Hyphenbiindeln. 

Phialiden lang und schmal, septiert, braun, von sehr verschiedener 
Lange, etwa 60—180 p lang und 2,7—3 u breit, am Scheitel zwei Koni- 
dien zu gleicher Zeit nach Art der Gattung Phialophora erzeugend. 

Kontdien mehr oder weniger eiformig, hyalin bis leicht gefarbt, oft 
mit einem oder zwei Oeltrépfchen, (3,7—-4,7) x (2—3) u, meist 
(4,3—4,7) x 2,7 yw, zahlreich, in feuchter Umgebung sich zu falschen 
Kopfchen zusammenballend. 

Chlamydosporen kugelig, braun, mit doppelter Wand, 5—6 uw im 
Durchmesser, besonders in alteren Kulturen zahlreich, an den Hyphen 
sitzend oder auf kleinen Stielchen. 

Retnkulturen: 

Auf Bierwirze-Agar ineiner Petrischale nach 25 Tagen: Ko- 
lonie 6 cm, rauchgrau, filzig, im Zentrum mit Erhéhungen und Falten, 
sowie Hyphenbiindeln. Schwacher Geruch. Unterseite schwarzlich. 

Auf Rohrchen nach 10 Tagen: 

Auf Haferflocken- und Maismehl-Agar: Flache, 
schwarze, submerse Haut. Kein Luftmyzel. 

Auf Kartoffelstiick und Moéhre: Fast ganz bewachsen 
mit einer schwarzen, feuchten, glatten Haut, ohne Luftmyzel. 

Hab. Aus der Erde in Baarn (BAKHUIZEN VAN DEN BRINK). 


, ease aa tise bie ab 6 seu me 4b wing 


Phialidibus longis et tenuibus septatis brunneis, (60—180). x (2,7—3) 
u, apice bina conidia substringentibus, Phialophorae instar. 

Conidiis ovoideis hyalinis vel leviter coloratis, plerumque 1—2 olea- 
ginis guttis, plerumque (4,3—4,7) x 2,7 u, caespitulatis. Chlamydosporis 
numerosis brunneis, 5—6 y sedentibus vel breviter pedicellatis. 


Phialophora aurantiaca nov. spec. 


Dieser Pilz wurde dem C.B.S. unter No. B 45 zugeschickt von 


278 F. H. van Beyma thoe Kingma, 


T. TomLinson, Minworth (Engl.), der ihn im Water Pollution Research 
Laboratory aus Abwassern isolierte. 

Er wachst anfangs ungefahr so wie Ph. lignicola (Nannf.) G. Goid., 
isoliert aus Holzschliff und steht diesem Pilze gewiss auch am nachsten. 
Wahrend jedoch PA. lignicola bald seine blass orangegelbe Farbe in 
grauschwarz bis schwarz andert, behalt unser Pilz seine Farbe bei, die 
er meist noch vertieft zu lebhaft rotorange. Die Entwicklung der Phia- 
liden zeigt ebenfalls Aehnlichkeit mit Ph. lignicola, indem diese oft aus 
kugelig aufgetriebenen Seitenasten der Hyphen hervorgehen. Im all- 
gemeinen stehen die Phialiden den mit Oeltrépfchen gefiillten Hyphen 
entlang, einzeln oder in kleinen Gruppen, oder als dichte Rosetten auf 
kurzen Stielen, oft zwei tibereinander. Die Konidien, welche einer in- 
neren Membran entstammen, werden in grossen Massen erzeugt. Sie 
sind eif6rmig oder ellipsoidisch, mit zwei Oeltrépfchen, (3—4) x (2—32) 
uw gross; es gibt aber auch groéssere, (6—7) x (3—-4) uw. Einzeln hyalin 
besitzen sie in Massen eine gelbliche Farbe. Da der Pilz zweifellos eine 
unbekannte Art darstellt, wird er unten als Phialophora aurantiaca 
n. sp. beschrieben. ; 

Ehe wir zur Beschreibung schreiten, méchten wir noch Folgendes 
bemerken. Schon frither (2) betonten wir die Schwierigkeit, bei gewissen 
Arten die Bildung der Konidien aus Phialiden nachzuweisen. Dadurch 
war es z.B. modglich, dass MELIN und NANNFELDT eine neue Gattung 
aufstellten (Lecythophora) fiir einen Pilz, der nach unseren Unter- 
suchungen zur Gattung Cadophora (jetzt Phialophora) gehdrte. So 
leicht nun diese Bildung aus Phialiden und damit das Auftreten des 
typischen Schnabels derselben bei einigen Arten nachzuweisen ist, so 
schwierig, ja unmoglich kann dies in anderen Fallen sein. Es ist nun 
interessant darauf hinzuweisen, dass in letzterem Falle der Pilz nicht 
bei Phialophora unterzubringen ist, sondern bei Margarinomyces. 
Schon bei dem Studium einiger zu dieser Gattung gehoriger Arten (3) 
war mir die Uebereinstimmung im Habitus und in morphologischer 
Beziehung der beiden Gattungen Phialophora und Margarinomyces auf- 
gefallen. Beiden Gattungen gemeinsam ist oft die glatte, lebhaft ge- 
farbte Pilzhaut, die massenhaften kleinen, oft gebogenen Konidien, die 
Oeltrépfchen enthaltenden Myzelien, die biischelweise Bildung der 
Phialophoren bzw. Konidientrager, u.s.w. Nur gelang es mir nicht mit 
Sicherheit die endogene Bildung der Konidien bei Margarinomyces 
nachzuweisen. Sollte dennoch spater dies mal gelingen, so sind die be- 
treffenden Arten bei Phialophora unterzubringen. Fiir heute kann man 
sagen, dass die Margarinomyces-Arten Phialophora-Arten sind, bei 
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denen der Nachweis der Phialiden nicht gelungen ist. Letztere kénnen 
hier nur vermutet werden. Das will also sagen, dass es von den Arten 
mit deutlichen Phialiden und dessen auffalligen , Schnabeln” bis zu den 
Konidientragern mit Sterigmen alle méglichen Ueberginge gibt, wo- 
durch es schwierig ist, hierher gehérige Pilze richtig zu deuten, 


Phialophora aurantiaca nov. spec. 


Phialiden zahlreich, sehr verschiedener Gestalt, manchmal aus ku- 
gelig aufgetriebenen Seitenasten hervorgehend, sonst langgestreckt 
flaschenf6rmig, einfach oder biischelig beisammen, oder als Rosetten 
auf kurzen Stielen entstehend, 5—-20 y lang, an der breitesten Stelle 
3—5 p dick, oft mit Oeltrépfchen gefiillt, mit undeutlichem Schnabel. 

Konidien massenhaft, einzeln hyalin, in Massen gelblich, eiférmig 
bis kurz ellipsoidisch, mit zwei Oeltrépfchen, _(3—4) x (2—2,3) up 
oder grosser,  ellipsoidisch, 
(SL9) (GI 23)3) os 

Reinkulturen: 

Auf Bierwiirze-Agar 
in einer Petrischale nach 10 
Tagen: langsam  wachsend, 
Kolonie 3 cm, bestehend aus 
einer glatten Haut. Farbe zwi- 
Li a of 9 schen 141 und 111, meist mit 
Par 9 Cone Oc  Falten. Rand heller bis fast 

: farblos. Ueberwuchs von zar- 

Fig. 9. Phialophora aurantiaca. ne ; 

Phialiden und Konidien. Vergr. 750 x. tem, sparlichem, weissem My = 

zel. Kein Geruch. Unterseite 


der Kultur 182—161. 

Desgl. nach.20 Tagen: Kolonie 4 cm, mit einzelnen, radidren Falten 
hautig, orangefarben, 192, mit sparlichem Ueberwuchs von flockigem, 
weissem Myzel, mit zarten, feinen Zonen. Rand flach, farblos. Kaum 
Geruch. Unterseite etwas hohl, rissig, etwa 197 oder etwas heller. 

Desgl. nach 50 Tagen: Schale ganz bewachsen mit einer etwas faltigen, 
glatten Haut, Farbe zwischen 111 und 192. Diese Haut ist iiberwachsen 
von einer diinnen Schicht aus filzig-wolligem, weissem Myzel, dass durch 
die rétliche Unterlage und die massenhafte Sporenbildung ebenfalls 
rotlich erscheint. Die Myzelschicht zeigt zarte Zonen. Der Geruch ist 
schwach, etwas moderig. Unterseite der Kultur 136—182. 

Hab. Aus Abwassern in Minworth, Engl. (TOMLINSON). 
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Phialidibus numerosis saepe e globosis cellulis nascentibus, plerumque 
longis lagoeniformibus, solitariis vel fasciculatis vel rosulatis, breviter 
pedicellatis, conidiis numerosis hyalinis biguttatis, (3—4) x (2—2,3) u 
vel majoribus 5,7 x (2,7—3;3) wu. 


Phialophora lutea-olivacea nov. spec. 


Dieser Pilz stammt aus den Abwassern der Schleiferei Byske in 
Munksund (Schweden) und wurde dem C.B.S. zur Untersuchung zu- 
gesandt. Er fallt auf durch eine sch6én olivgelbe glatte Haut. Der Nach- 
weis der Phialiden gelang nur schwierig, junge Kulturen machten un- 
ter dem Mikroskop den Eindruck einer Margarinomyces. Der uns 
unbekannte Pilz wurde wie folgt neu beschrieben: 


Phialophora lutea-olivacea nov. spec. 


Phialiden zahlreich, sehr verschiedener Gestalt und Grésse, 4—5 yw 
dick, meist mehr oder weniger flaschenférmig, oft biischelig beisam- 
men, mit einigen kleinen Oeltrépfchen im Innern. 

Konidien massenhaft, hyalin, ellipsoidisch oder langlich mit zwei, sel- 
tener drei oder mehr, deutlich sichtbaren 
Oeltrépfchen, (4,7—-6,7) x (2,3—-2,7) p. 

Reinkulturen: 

Auf Bierwiirze-Agar in einer 
j Petrischale nach 10 Tagen: langsam 
wachsend, Kolonie etwa.3 xX 2,5 cm, 
bestehend aus einer glatten, sch6n oliv- 
gelben Haut mit radiar gerichteten Falten 
am Rande. Im Zentrum ein etwa 1 cm 
hohes Biischel von weissem Myzel. Kolonie 
am Rande etwas in den Agar hinein- 


i biaes (ones tay oe gewachsen. Unterseite 182 oder etwas 
olivacea. heller. : 

Phialiden und Konidien. Vergr. 50x.  _Desgl. nach 20 Tagen: Kolonie 4 cm 

im Durchmesser, hautig, mit tiefen, | 

radiaren Falten, im Zentrum mit einige mm langen, weissen bis 

blassgelben Hyphenbiindeln. Farbe der Haut im Zentrum oliy- 

gelb, nach dem Rande hin farblos. Etwa | cm vom Zentrum entfernt 

wachst eine 5 mm breite, schwarze Zone. Schwacher, etwas wiirziger 
Geruch. Unterseite der Kultur 237. 
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Hab. Aus Abwassern der Schleiferei Byske (Munksund, Schweden). 
Patermisthe Besohreéeib une: 


Phialidibus numerosis 4—5 y crassis, plerumque lagoeniformibus bi- 
guttatis, rarius tribus vel pluribus guttis praeditis, (4,7—6,7) x (2,3— 
Zale pes 


Graphium Cartwrightii nov. spec. 


Im November 1935 sandte Dr. CARTWRIGHT aus Princes Risborough 
(Engl.) uns diesen Pilz, der auffallend tippig wuchs auf Fussbéden 
von Coniferenholz (u.a. Pinus sylvestris), auch dann, nachdem diesel- 
ben mit Kreosot behandelt worden waren. Mason, der diesen Pilz zuerst 
untersuchte, vermochte ihn nicht in irgend eine Gattung unterzubrin- 
gen und wollte ihn mit dem vorlaufigen Namen Pachnocybe ferruginea 
Berk. bezeichnen. 

Der Pilz wachst auf kiinstlichen Nahrbdden, besonders auf Kirsch- 
Agar, anfangs nur langsam und mehr oder weniger submers, darauf 
entsteht ein filziges, weisses Myzel und erst nach etwa 14 Tagen er- 
scheinen die ersten Koremien, welche bald die ganze Oberflache be- 
decken. Diese Koremien sind im Mittel 600—700 y lang, an der Basis 
40—60 yu breit und bestehen aus langsverlaufenden, parallelen Hyphen, 
welche sich nicht nur ausschliesslich am Scheitel auflockern und aus- 
breiten, sondern mitunter auch an mehreren Stellen des Stieles der- 
gleiche Spreizungen zeigen; sie sehen daher manchmal aus wie schlecht 
gebiindelte Reiser verschiedener Lange. Die Mehrzahl derselben weist 
jedoch die normale Gestalt auf, mit am Ende ein unregelmssiges, 
rundliches Képfchen, wo die zahlreichen Konidien abgeschnirt wer- 
den. Die Hyphen der Koremien sind braun, sparlich septiert, verzweigt, 
3—6 p breit, nach oben keulig und am Scheitel abgerundet. An diesen 
Hyphenenden entstehen zuerst 3—5 kleine, runde, hyaline Auswiichse, 
welche bald an Lange zunehmen, sich dunkel farben und alsdann die 
reifen Konidien darstellen, welche nach dem Ablésen noch zusammen- 
haften und zu grésseren Képfchen verkleben. Bei starker Vergrdsse- 
rung (Oelimmersion) konnte festgestellt werden, dass die reifen Ko- 
nidien einem kleinen Stielchen aufsaszen, fast genau so, wie das bei 
den Basidiomyceten der Fall ist. Es will uns jedoch vorkommen, dass 
nicht diese Stielchen zuerst da sind, und die Konidien erst spater sich 
daraus entwickeln, sondern die reifen Konidien scheinen nach unseren 
Beobachtungen an der Basis eine kleine Streckung zu erfahren, wo- 
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durch sie noch mit dem Mutterfaden verbunden sind, ehe sie sich von 
demselben loslésen. 

Die Konidien sind langlich rund bis ellipsoidisch, einzellig, anfangs 
hyalin, spater braun, (5,7—8,3) x (2,3—3,3) w gross und sehr zahl- 
reich. Neben dieser Graphium-Form wurde noch eine Verticillium- 
Form beobachtet, welche vorwiegend auf Bierwiirze-Agar auftrat. Diese 
Form bestand aus einem grauweissen Myzel mit langen, oft nur sparlich 
verzweigten Tragern. Diese Trager zeigten in gewissen Abstanden 
zwei, manchmal auch einzelne, kurze Seitenzweige, nach oben hin 
meist 2—3-teilige Wirtel, welche bis zu 5 langlichen, oft etwas hin und 
hergebogenen Sterigmen aufwiesen. Die Konidien, welche sich zu K6pf- 
chen zusammenballen kénnen, sind langlich, an den Enden abgerundet 
und meist wurstahnlich gekriimmt, hyalin. Ihre Grésse betragt (6—7) x 
x (1,7—2) wp. 

Bei der Bestimmung der systematischen Stellung dieses Pilzes miissen 
wir zuerst bemerken, dass die Gattung Pachnocybe (9) keine einheitliche 
ist, sondern zum Teil zu Graphium gehort, worin sie denn auch als Sy- 
nonym aufgegangen ist. Weiter hat GOIDANICH (8) die Séclbaceae einer 
Revision unterworfen und einige neue Gattungen aufgestellt. Die von 
ihm behandelten Gattungen sind: 

1) Graphium Corda (1837) em. G. Goidanich (1935) 

2) Nematographium G. Goid. (1935) 

3) Graphiopsis Bain. (1907) 

4) Pleurographium G. Goid. (1935). 

Fiir unseren Pilz scheidet Graphiopsis sofort aus, da bei dieser Gat- 
tung die Endteile der Stielhyphen gezahnelt sind. Nematographium 
ebenfalls, da hier die Koremien aus einfachen, unverzweigten Stiel- 
hyphen zusammengesetzt sind. Bei Pleurographiwm entstehen die Ko- 
nidien pleurogen und an den Ecken der wellig gebogenen Aestchen. Wir 
bringen unseren Pilz deshalb zur Gattung Graphium, obwohl auch hier 
ohne Zweifel in Zukunft eine weitere Einteilung nétig sein wird. 
Viele Arten der Gattung Graphium gehoéren als Konidienformen zur 
Gattung Ophtostoma. Bei unserem Pilze haben wir eine héhere Frucht- 
form nicht aufgefunden. 

Die Beschreibung des Pilzes gestaltet sich wie folgt: 


Graphium Cartwrightii nov. spec. 


A. Graphium-Form. 
Koremien gesellig, braunrot, 600—700 y hoch, an der Basis 40—60 wu 
breit. 


| 
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Sitel oft durch spreizende Kopfhyphen mehrmals unterbrochen, sonst 
mehr oder weniger glatt, aus mehreren Hyphen zusammengesetzt, 
gerade. 

Sttelhyphen braun, 3—6 y breit, keulenférmig, verzweigt, sparlich 
septiert, am rundlichen Scheitel 5 bis 7 Konidien zu gleicher Zeit 
erzeugend. 


gush (2 


Fig. 12. Graphium Cartwrightit. 


Fig. 11. Graphium Cartwright. (Verticillium-Form). 
a. Koremien. Vergr. 80 x. a. Konidientrager. Vergr. 245 x. 
b. Konidientrager. Vergr. 750 x. b. Konidientrager. Vergr. 750 x. 
c. Konidien. Vergr. 750 x. c. Konidien. Vergr. 750 x.. 


Konidien einzellig, anfangs hyalin, spater rotbraun, in Massen braun- 
rot, (5,7—8) x (2,3—3,3) y — meist (5,6—7,3) X (2,3—2,7) u — sich 
bei der Reife wie von kleinen Stielchen abschniirend. 


B. Verticillium-Form. ‘ 

Rasen flach filzig bis flach wollig, weisslich, langsam wachsend, un- 
deutliche Zonen bildend. 

Kontdientrager lang, fadig, 3--4  breit, hyalin, mit opponierten oder 
geiribtaudigen, Aestchen, 2—4 an der Zahl, 10—40 p lang und 3—4 yp 
breit. 

Sterigmen lang und schlank, 20—30 uw lang und 3—3,3 y breit, nach 
der Spitze zu sich verjiingend und meist daselbst gekriimmt oder hin 
und her gebogen, 3—6 an der Zahl, meist gréssere und kleinere bei- 
sammen. 
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Konidien zahlreich, hyalin, langlich, an den Ecken abgerundet, 
meist wiirstchenartig gekriimmt, einzellig, (5—7,3) x (1,7—-2) wu, meist 
(6—7,3) x 1,7 wp, durch Schleim zu 10 pw grossen Képfchen verklebt. 

Hab. Von Koniterenholz, das mit Kreosot behandelt worden war, 
in England (CARTWRIGHT). 


ID Eas Qal WS Call JENS Selne © cio Eh ia 


Coremiis gregariis brunneorubris 600—700 uw longis, basi 40—60 u 
crassis, stipitibus ex hyphis constantibus brunneis, 3—6 y largis, clavi- 
formibus ramosis, raro septatis, rotundo cacumine e quo quina vel sep- 
tena conidia oriuntur. Conidiis primum hyalinis, deinde brunneorubris 
plerumque (5,7—7,3) x (2,3—2,7) yw. Forma verticillii: Conidiophoris 
longis, 3—4 wu crassis, 2—4 opponentibus vel coroniformibus ramis, 
(10—40) x 3 yw. Sterigmis longis et gracilibus, (20—30) x (3—3,3) uy, 
ad apicem magis tenuibus et ibi saepius curvatis. Conidiis numerosis 
hyalinis ellipsoideis, angulis curvatis, tomenti instar, plerumque (6—7,3) 
x 1,7 p, in capitulis falsis 10 w diam. dispositis. 


Oospora colorans nov. spec. 


Dr. JANSEN in Deventer isolierte von der Haut einer im Backereibe- 
triebe arbeitenden Person einen Pilz, der sich als eine Oospora heraus- 
stellte. Von einer pathogenen Wirkung auf die menschliche Haut ist 
jedoch nichts bekannt. 

Anfangs weiss bis kremfarben, nimmt der Pilz mit zunehmender 
Myzelbildung eine immer mehr intensive orangegelbe Farbe an. Auf 
Bierwtirze-Agar in Schalen geziichtet, produziert er einen auffallend 
schénen Farbstoff, der den Agar intensiv rot farbt. Dieser Farbstoft 
entsteht auch auf Kartoffel-Agar, wo er sich zu zahlreichen kleinen, 
kugeligen Gebilden zusammenballt, welche mit der Lupe betrachtet 
leicht wahrgenommen werden kénnen. Auf dem ersten Blick machen 
sie den Eindruck von Perithezien oder Sklerotien. Der Farbstoff ist 
léslich in Alkohol. 

Die 2—3 p breiten Hyphen sind farblos und treten leicht zu Strangen 
zusammen, von welchen die Konidientrager nach allen Seiten abgehen. 
Letztere sind verhaltnismassig kurz, etwa 20—30 yu lang, meist unver- 
zweigt, unten 2,3—2,7 wu dick, nach der Spitze zu sich verjiingend und 
hier die Konidien in langen Ketten abschniirend. Diese werden in 
grossen Massen gebildet, sodass die Oberflache der Nahrbéden oft mit 
einer puderigen Schicht bedeckt ist. 

Da eine Oospora mit obengenannten Merkmalen uns nicht bekannt 
war, wurde der Pilz wie folgt als neue Art beschrieben: 


Beschreibung einiger neuer Pilzarten aus dem C.B.S. 285 
Oospora colorans nov. spec. 


Hyphen zart, 1,7—2 wu breit, gelblich, meist zu Straéngen vereint. 

Konidientréger lang und schmal, 20—30 w lang, an der Basis 2,7 p 
breit, sich nach oben allmahlig verjiingend. 

Konidien spindelférmig, hyalin, (4,7—5,3) x (2—2,3) uw, ohne Oel- 
trépfchen, in langen Ketten an den Tragern entstehend. 

Reinkulturen : 

Auf Bierwtrze-Agar in einer Petrischale nach 10 Tagen: 
Kolonie 2—3 cm, flach filzig, weiss bis 
kremfarben, am Rande mit flachen 
Hyphenstrangen ausstrahlend, den Agar 
schon rot farbend. Rand scharf. Kaum 
Geruch. Unterseite intensiv rot, etwa 
1—2. Nach 14 Tagen ist die Farbe mehr 
orange, 177—-182—152. Unter der oberen 
weissen, filzigen Schicht ist das Myzel 
gelb, 241. 

Auf Roéhrchen nach 14 Tagen: 

Auf Bierwiirze-Agar: Decke 
flach filzig, weiss mit violettem Stiche, 

weer $e im Zentrum am Impfstrich entlang gelb, 
Konidientrager und Konidien. Vergr. 
750 x. 266. Tiefe Querfalten. Der Agar ist 
intensiv rot gefarbt. 

Auf Kirsch-Agar: flach-krauswolliges Myzel, weiss und gelb 
vermischt, 266. Agar rot gefarbt. 

Auf Kartoffelstitick: ganz bewachsen mit weissem, zum 
Teil submersem Myzel. Schlechtes Wachstum. Das Stiick ist un- 
gefarbt. 

Auf Reis: 3 cm tief gewachsen, oben weisses und gelbes Myzel, 
266—241. Der Reis farbt sich intensiv violettrot, 593—595. 

Hab. Von der Haut einer im Bickereibetriebe arbeitenden Person 


(JANSEN). 


Fig. 13. Oospora colorans. 


iaternis clue => esic-n te. buns: 


Conidiophoris longis et tenuibus 20—30 yp longis, basi 2,7 y largis. Co- 
nidiis fusiformibus hyalinis, (4,7—5,3) x (2 — 2,3) uw, eguttulatis, longis 
catenis dispositis. 
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Spirotrichum musae nov. spec. 


Dieser Pilz wurde von STAHEL von Bananenblattern in Suriname iso- 
liert und dem Centraalbureau im Februar 1934 als Verticillium species 
zugeschickt. Nachdem Saito in Japan die Gattung Spirotrichum auf- 
stellte (1939) und dem C.B.S. den 
Typus, Spirotrichum purpureum zu- 
schickte, wurde die Zugehorigkeit 
des angeblichen Verticillium von 
STAHEL zu dieser Gattung wahrend 
einer gelegentlichen Betrachtung er- 
kannt. Leider ist die Verdffentlichung _ 
SAITO’s in japanischer Sprache gehal- 
ten, wahrend eine lateinische Beschrei- 
bung fehlt, sodass die Umschreibung 
der Gattung Spirotrichum den wenig- 
sten Mykologen zuganglich ist. Da 
wir nun dem Typus eine zweite Art 
[250 29 = aks) 200 zugesellen kénnen, glauben wir be- 
rechtigt zu sein, eine Beschreibung 
der Gattung auf Grund der beiden 
Arten in deutscher und _ lateinischer 


Fig. 14. Spivotrichum musae. 
Konidientrager und Konidien. Vergr. 750 x. 


Sprache hinzufiigen zu diirfen. 
Die Beschreibung der Gattung lautet wie folgt: 


Spirotrichum Saito emend. 


Rasen begrenzt, sammetartig, stark gefaltet. Konidientrager zart, 
am Scheitel wirtelig verzweigt. Wirtel hochstens aus 3—4, oft auch aus 
nur 2 Sterigmen bestehend, selten mehr als 2 Wirtel iibereinander. 
Sterigmen an den Spitzen mehrfach hin und her gebogen (zackig), die 
Konidien an den Zacken abschniirend. Konidien klein, hyalin, zahlreich, 
rundlich bis eif6rmig oder ellipsoidisch. 


Pateninisiche. Brels chrei ba mig: 


Caespitulis terminatis numerosis rugis. Conidiophoris ramis in coronis 
dispositis praeditis, coronulis saepe ex modo interdum ex 3—4 numquam 
e pluribus ramis extantibus. Sterigmis cacumine dentatis, conidiis ca- 
cumine dentes substringentibus. 


Wenn wir nun unseren Pilz vergleichen mit Spirotrichum purpureum, 
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zeigen sich deutliche Unterschiede. Erstens wachst Sp. purpureum 
weniger langsam, die jungen Kolonien auf Bierwiirze-Agar sind halb- 
kugelig und etwa 3 mm im Durchmesser nach 14 Tagen, gegen 1—2 mm 
bei unserem Pilze. Die Farbe der Kolonien ist anfangs in beiden Fallen 
auf Bierwiirze-Agar fast dieselbe; namlich gelblich mit einem zarten, 
violetten Schein, doch wird sie bei unserem Pilze bald mehr gelbbraun, 
wahrend Sp. purpureum nach einigen Wochen dunkler ist, fast gelb- 
grau. Ein typischer Unterschied besteht weiter darin, dass die Kolo- 
nien unseres Pilzes nach etwa | Monat auf Bierwiirze-Agar den Nahr- 
boden anfangen aufzureissen, nach einigen Monaten hat die Kolonie 
ringsum Risse gezogen, sodass sie wie auf einer Insel wachst. Bei dem 
japanischen Pilze wurde diese Erscheinung nicht beobachtet. Schliesslich 
sind die Konidien bei Sp. purpureum mehr rundlich, bei unserem Pilze 
ellipsoidisch. 

Die Beschreibung dieses Pilzes, den wir Spirotrichum musae nennen 
mochten, lautet folgendermaassen: 


Spirotrichum musae nov. spec. 


Rasen stark gefaltet, mit begrenztem Wachstum, in den Nahrboden 
hinein wachsend und denselben schliesslich aufreissend, sammetartig, 
braungelb, oft mit violettem Stiche. 

Konidientrager zart, 2 w dick, nach dem Scheitel hin wirtelig ver- 
zweigt. Die Wirtel bestehen aus 3—4, oft auch aus nur 2 Sterigmen, 
selten gibt es mehr wie 2 Wirtel iibereinander, in einer Entfernung von 
30—40 up. 

Sterigmen 25—40 p lang, 2—2,5 yu breit, gerade, mit langer, diinner 
Spitze, welche mehrfach hin und her gebogen ist (zackig), die Konidien 
an den Zacken abschniirend. 

Konidien an des Spitze der Sterigmen eine Aehre bildend, indem sie 
an den Zacken entstehen und nach dem Loslésen zusammenkleben, 
ellipsoidisch, hyalin, (2,7—3,3) x (1,7—2) u. 

Reinkulturen: 

Auf Bierwitirze-Agar in einer Petrischale nach | Monat: Ko- 
lonie 2 x 1 cm, stark wulstig, in den Agar hinein wachsend und diesen 
aufreissend, sammetartig, hellgelb mit volettem Stiche. Rand scharf. 
Schwacher Geruch. Unterseite hohl, orangerétlich, etwa 272. 

Auf Roéhrchen nach 1 Monat: 

Auf Bierwiirze-und Kirsch-Agar: Kolonien |—1,5 mm, 
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zum Teil miteinander verwachsen, sammetartig, braungelblich, Farbe 
222 mit 247 vermischt, mit violettem Stiche. 

Auf Mo6hre: das Sttick ganz bewachsen mit | mm grossen Kolo- 
nien, zum Teil eine geschlossene Decke bildend, sammetartig, braun- 
gelb, 222—-247, nur teilweise mit violettem Stiche. 

Auf Kartoffelstick: fast ganz bewachsen mit | mm grossen 
Kolonien, etwas sparlicher wie vorige, braungelblich, oben am Stiick 
violett, 478 A—B. 

Auf Maismehl- und Haferflocken-A gar ist das Wachs- 
tum sehr langsam, nur eine ganz kleine Kolonie von violetter Farbe, 
478 B. 

Hab. Isoliert von Blattflecken von Bananen in Suriname (STAHEL). 


Lateinische Besetret bu ng: 


Caespitulis limitatis numerosis rugis, saepe medium findentibus, ho- 
loserico similibus brunneis violaceo fulgore. Conidiophoris 2 u crassis, 
apice ramos in coronis dispositos. gerentibus. Sterigmis (25—100) x 
(2—2,5) w apice dentatis. Conidiis nascentibus in dentibus, plerumque 
aristae instar agglutinatis, ellipsoideis hyalinis (2,7—3,3) x (1,7—2,4) u. 


Pestalotia natalensis nov. spec. 


Diese Pestalotia wurde von Dr. MARIE LEDEBOER von einer Acacia 
mollisjuna in Natal (S. Africa) isoliert und dem C.B.S. zugeschickt. Auf 
kiinstlichen Nahrbéden bildet der Pilz zahlreiche Sporenlager, woraus 
die Sporen als grosse schwarze Tropfen  hervorquellen. Diese 
Sporen sind  fiinfzellig, spindelférmig, oft mit abgerundeter 


Basalzelle und nicht oder nur 
wenig an den Querwdnden 
eingeschniirt. Die Grésse der 
Sporen betragt (25—33) x 
(6—-9) w; von den drei mittleren 
Zellen sind die beiden oberen 
olivbraun gefairbt, die untere 
nur leicht braun, wahrend die 
beiden Endzellen hyalin sind. 
Die unterste Zelle ist mit einer 
stumpfen Spitze versehen oder 
rundlich, ein Stiel fehlt. Die 
oberste Zelle ist mit 3—5 lan- 
Fig. 15. Pestalotia natalensis. gen, auseinandertretenden Zi- 


SAGAS lien versehen, welche eine Lange 
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von 40 yp erreichen; mitunter tritt an eine der Zilien ein kurzer Seiten- 
zweig auf. Da der Pilz im Schrifttum nicht aufgefunden werden 
konnte und auch mit keiner der im C.B.S. vertretenen Arten iiberein- 
stimmt, wurde er als neue Art beschrieben. 


Pestalotia natalensis nov. spec. 


Sporenlager auf kiinstlichen Nahrbéden wie Lupinenstengel, Hafer- 
flocken-, Maismehl-, Kartoffel-Agar u.a. sehr zahlreich, mit grossen, 
schwarzen Sporentropfen. 

Sporen spindelférmig, gerade oder etwas gekriimmt, fiinfzellig, 
(25—33) x (6—9) u, meist (26—27) x (7—8) py, mit hyalinen Endzellen. 
Von den drei mittleren Zellen, welche zusammen im Mittel (15,3—18,7) 
x (8—9) uw gross sind, sind die beiden oberen olivbraun, die untere 
hellbraun bis leicht gefarbt. Die Basalzelle ist rundlich oder mit 
stumpfer Spitze versehen, ein Stiel fehlt. Die oberste Zelle tragt an 
der Spitze 3—5 Zilien, welche 30—40 py lang sind und meist stark aus- 
einander spreizen. Mitunter weist eine der Zilien einen kurzen Seiten- 
zweig auf. 

Hab. Auf der Rinde einer Akazie (,, Wattle’) in Natal (M. LEDEBOER). 


bateiniscite Besichrel bu nig: 


Acervulis numerosis. Conidiis fusiformibus utrinque acuminatis, rec- 
tis vel paulum curvatis, quadriseptatis, plerumque (26-27) x (7—8) up, 
cellula terminali hyalina. Ex 3 mediis conidiis 2 superiora olivaceobrun- 
nea sunt, inferius subbrunneum est, cellula basali rotunda vel obtuse 
acuminata apedicellata. Ciliis 3—5, 30—40 u longis, multum divergen- 
tibus. 


Zusammenfassung. 


Es wurden folgende Pilze neu beschrieben: 

Emericellopsis terricola, Emericellopsis terricola var. glabra, Pemicil-_ 
lium euglaucum, Penicillium baarnense, Penicillium novae-zeelandtae, 
Bisporomyces chlamydosporis, Phialophora awrantaca, Phialophora 


_Iutea-olivacea, Graphium Cartwrightit, Oospora colorans, Spirotrichum 


er 


musae und Pestalotia natalensis. 
Schriftennachweis. 
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